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EDUCATIONAL EFFICIENCY IN VIRGINIA PUBLIC SCHOOL DIVISIONS 
ABSTRACT 
X 
This study was a longitudinal population study that took a normative and relative 
approach in analyzing technical educational efficiency in Virginia's Public School 
Divisions from 2003-2004 to 2008-2009. Using pass rates from Virginia's Standards 
of Learning math and English-reading tests, finance and resource inputs and exogenous 
community factors, the analysis was conducted using a return on investment ratio (ROI) 
and Modified Quadriform Analysis (MQA). The study's purpose was to determine 
Virginia public school division's educational efficiency in four categories: annual, 
perennial, sustained and expected. The results ofthe ROI and MQA analyses 
demonstrated that annual efficiency was achieved by 38% to 77% school divisions 
respectively, in at least one student achievement category in at least one of the 6 six 
years. Maintaining efficiency over this time period was more challenging as 
demonstrated by perennial and sustained efficiency with 26% to 40% and 20% to 32% of 
school divisions achieving these rankings respectively. The difficulty of maintaining 
efficiency was also found in all student achievement categories. Perennial efficient 
school divisions ranged from 15.9% to 27.5% in all categories, demonstrating at least a 
35% decrease from the percentage of school divisions achieving annual efficiency. 
Similarly, sustained efficient school divisions ranged from 9.9% to 20.6% in all 
categories, demonstrating at least a 50% decrease from the percentage of school divisions 
achieving annual efficiency. The percentage of school divisions in the expected 
efficiency category was the lowest (4.5%), yet this result may be a methodological 
confound, rather than a true reflection of school divisions' performance. Additionally, 
xi 
this study sought to determine what factors (endogenous and exogenous) were most 
significant in determining educational efficiency. The results indicate that the percentage 
of students eligible for free and reduced lunch was the only significant and consistent 
factor that was associated with efficiency. Lastly, in a comparison between the two 
methodologies (ROI and MQA), there was little to no agreement on which school 
divisions were classified as efficient. 
CLINTON ROBERT CALZINI 
PROGRAM IN EDUCATIONAL }>OLICY, PLANNING and LEADERSHIP 
THE COLLEGE OF WILLIAM AND MARY IN VIRGINIA 
Educational Efficiency in Virginia Public School Divisions 
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CHAPTER ONE 
A Financial and Educational Imperative 
The current era of educational accountability has created significant pressure on 
schools to demonstrate improved student achievement. Additionally, there is an 
increasing wave of pressure for financial accountability within school divisions -
especially within the financial environment caused by the national economic downturn of 
the early part of the 21st century and consequent budget cuts (Adams, 201 0; Hanushek & 
Lindseth, 2009). By virtue of the popular media, as well as economic reporting, these 
issues have caught the keen attention and scrutiny of many educational stakeholders 
including parents, taxpayers, and policymakers (Hess & Osberg, 201 0). The nexus of 
these accountabilities lies in school efficiency studies that examine how financial and 
non-financial resources are used to produce educational outcomes (Houck, Rolle & He, 
201 0). Although efficiency studies have been conducted to quantify the relationship 
between student achievement and educational expense over several decades, the current 
economic realities paired with increased accountability have amplified the importance of 
efficiency studies as a line of inquiry to understand this relationship (Hess & Osberg, 
2010). 
Although the causal relationship between funding and student achievement is 
beset by contradictory evidence, efficiency studies provide a means to better identify 
efficient and inefficient schools, their characteristics and their practices. To this end, this 
study seeks to further the analytical methodology and understanding of educational 
3 
efficiency of the public school divisions in the Commonwealth ofVirginia by exploring 
annual, perennial and sustained educational efficiency. One additional type of 
efficiency, excluded from the scope of this study is persistent efficiency. Developed by 
Houck, Rolle and He (20 1 0), it is the measurement of efficiency across a range of 
different educational outputs such that school divisions are consistently efficient in all 
student achievement categories in one year. 
Annual educational efficiency1 is a concept that seeks to measure the relationships 
between educational inputs (e.g., educational funding variables) and educational outputs 
(e.g., student achievement variables) within one academic year in a specific educational 
unit of analysis (e.g., school divisions) (Anderson, 2005). Perennial efficiency also seeks 
to quantify the relationship between educational inputs and outputs by calculating which 
school divisions (or other selected unit of analysis) perform at defined efficiency levels 
for at least half of a given number of school years (Rolle, 2000). Extending the idea of 
repeated efficiency over time, sustained efficiency extends the measurement 
methodology by seeking to identify school divisions that achieve a defined standard of 
educational efficiency in three or more consecutive school years. This type of 
measurement was not found in the review of relevant literature for this study. The 
specific methodology and calculations behind these three efficiency concepts will be 
detailed in greater length in Chapter Three. Exploring Virginia's public school divisions 
with these measures, it is the intent of this work to inform future educational efficiency 
analyses, policymakers in developing funding policy, and educational leaders in 
understanding financial and educational accountability. 
1 This concept is usually termed only as "educational efficiency," but for purposes of this study and to 
differentiate it from the other types of efficiency, the term "annual" has been added. The term "educational 
efficiency" will be used to refer to all types of efficiency in general. 
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The rising cost of education and increase of allocated funding over the past 
century have been well documented (Aim, Buschman, & Sjoquist, 2007; Hess & Osberg, 
2010; Hill & Roza, 2010; Roza, 2010). Similarly, the call for educational reform has 
been heard for over thirty years (Picus & Wattenbarger, 1995), punctuated with milestone 
reports and legislation such as Equality of Educational Opportunity (1966) (referred to 
from now on as The Coleman Report), A Nation at Risk (1983) and the No Child Left 
Behind Act (NCLB) (200 1) (Addonizio, 2009; Houck, Rolle & He, 201 0; Ladd & Fiske, 
2008). In the face of recent economic downturn, the limited availability of funding has 
created further pressure on federal, state and local agencies to meet the funding needs of 
educating K-12 students (Ellerson, 2010; Roza, 2010). Unfortunately, the economic 
forecasts do not portend any definitive relief in the near future, and in fact, the financial 
retrenchment in education may become far worse (Hess & Osberg, 201 0). The impact of 
the current cost pressure will continue to be felt in the legislative bodies and schools 
throughout the country. Yet, as the competition for public funding will undoubtedly be 
further fueled by the lack of available revenue, the demand for educational reform, calls 
for greater student achievement, lessening of the achievement gap and other 
manifestations of educational accountability will remain a permanent fixture in the public 
eye (Hess & Osberg, 201 0). While funding may lessen, accountability will not. 
The coupling of educational funding and student achievement is a relatively new 
concept, and incremental research over the past several decades has attempted to provide 
policymakers (the executive, legislative and judicial branches at all levels) with findings 
in order to provide greater adequacy, equity and efficiency in public education (Hanushek 
& Lindseth, 2009; Monk, 1990; Odden & Picus, 2003; Thompson, Wood & Crampton, 
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2008). Now, in the current economic climate and era of accountability, the piqued 
concerns of politicians, taxpayers, parents and educators have created an imperative to 
maximize student achievement, and to do so within constrained finances. While financial 
efficiency should well be a goal for any and all public services, its urgency is particularly 
vital under financially austere times. As noted by Thompson, Wood, and Crampton 
(2008): 
Legislators ... are driven by complex goals, paramount among which is that limited 
resources must be apportioned among other needs such as social services, public 
safety, roads, and so forth- all in a context oflimited resources gathered from 
increasingly surly taxpayers (p. 1 0). 
Moreover, the cyclic nature of economic growth and decline and its consequential impact 
on education (Fowler, 2010) provides further incentive to question and understand how 
educational funding most efficiently serves to produce student achievement. This study 
seeks to add to the collective literature that answers this call. 
Statement of the Problem 
Educational accountability and fmancial pressure has pushed school divisions to 
improve student educational outcomes with reduced financial input. Considering the 
potential positive and I or negative impact on public education and financial stability, 
doing more with less is a contentious policy that requires further examination in order to 
inform the debate on this topic. If both policymakers and school leaders are to 
understand the relationship between educational input and output and subsequently 
improve both policy and practice, they require empirical data. Exploring how school 
divisions have performed over time with their allocated funding is needed to provide this 
type of evidence. 
Purpose and Significance of the Study 
In an era of economic decline and educational accountability, educational 
stakeholders need greater understanding of the relationship between educational inputs 
and outputs. Extant studies in educational efficiency have sought to illuminate this 
relationship (Hanushek, 2009) and the incremental knowledge on this topic has led to 
increased sophistication and number of approaches to quantify a potential relationship. 
This study seeks to extend the theory and analytical methodology of educational 
efficiency and to further the understanding of annual, perennial, expected and sustained 
educational efficiency among the public school divisions in the Commonwealth of 
Virginia. 
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The research on educational efficiency over time has relied heavily on a 
normative production function model (i.e., regression analysis) that seeks to determine 
whether or not money has an impact on student achievement. This type of outcome can 
be measured in two ways: "technical efficiency is achieved when maximum output is 
obtained for set amounts of input, and allocative efficiency is achieved when all inputs 
are exhausted in pursuit of stated outputs" (Houck, Rolle, & He, 2010, p. 335, emphasis 
added). Generally, extant studies have favored technical efficiency as a more practical 
approach, as it is more closely aligned with budgeting practices The lack of clear findings 
from the normative approach, detailed in Chapter 2, has led to recent efforts to utilize 
relative models of technical and allocative efficiency, including data envelopment 
analysis and stochastic frontier analysis from the field of economics (Carpenter & Noller, 
201 0), as well as modified quadriform analysis (Houck, Rolle, & He, 201 0). There are 
four specific aspects of accountability, however, that require further exploration to 
increase the collective body of understanding of educational efficiency: 
1. Focus on direct instructional costs. Accountability has placed a large 
responsibility on schools to improve student achievement through improving teacher 
quality, instructional resources, and educational programs. It follows that a focus on 
these types of instructional costs may provide a more direct understanding of how 
educational inputs affect educational outputs (e.g., student achievement). While myriad 
educational costs are necessary for the function of a public school as an organization, 
educational achievement relies heavily upon the resources at the classroom and school 
level, rather than on operational costs such as heating, lighting, and transportation. 
Instructional costs are defmed as consisting of instructional personnel, instructional 
materials and educational programs (Adams, 2010). 
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2. Value-added student achievement. Policy pressure from accountability efforts, 
such as the requirements of annual yearly progress (A YP), have sought to look not only 
at how well schools and school divisions are improving student achievement at any one 
time, but how they improve over time. A value-added approach to educational efficiency 
provides this perspective. Houck, Rolle, and He (20 1 0), have noted that the "development 
of value-added modeling has presented additional opportunities to the field .... [and] is an 
important contribution ... " (p. 334). 
3. Expected educational efficiency. Educational policymakers are asking schools 
and school divisions to make annual yearly progress towards prescribed achievement 
goals within the constraints of decreased funding. There should be a quantifiable sense 
of how divisions are reaching an expected level of educational efficiency relative to their 
unique contexts and other schools' progress. Although some school divisions may be 
more or less efficient than others, where a school should be expected to perform is an 
important distinction that should be studied. 
4. Perennial and sustained educational efficiency. Similar to using value-added 
data, the need to understand efficiency over time is vital to better understand the 
association between educational inputs and outputs. Houck, Rolle, and He (20 1 0) 
suggest that "tracking these relationships [between inputs and outputs] over time can 
yield insights into the manner in which schools and districts produce educational 
outcomes, and the manner in which the production of these outcomes vary over time" (p. 
332). Understanding how a school division is able to achieve consistent and/or 
consecutive years of educational efficiency is highly desirable. 
To address the areas noted above, this study seeks to enhance educational 
efficiency analysis and to contribute to the collective understanding ofVirginia 
policymakers and educational leaders. To this end, the utility and value of this study is 
three-fold: 
1. It extends the theory and methodology of educational efficiency studies by 
focusing on instructional funding and using longitudinal value-added data. 
2. It employs a relative and normative approach to educational efficiency. 
3. It provides a robust analysis of Virginia public school division efficiency since 
the passage ofNCLB. 
Additionally, to date, there have been few studies that have focused on this 
relationship between educational funding and student achievement in Virginia. 
Specifically, Virginia's one hundred and thirty-two school divisions have been evaluated 
8 
9 
for their efficiency by four empirical studies in the past twenty-four years. Additionally, 
only one of these studies used longitudinal data, yet the data used were from two decades 
ago (1980- 1984). Moreover, none of the four studies used value-added data. With 
school divisions as the unit of analysis, a robust longitudinal study that uses both a 
normative and relative approach with value added data, like this study, provides an 
important advancement in Virginia's understanding of division level educational 
efficiency. 
Conceptual Framework 
' A conceptualization of educational efficiency in this study requires a combination 
of three distinct, yet inter-related topics: school funding, student achievement, and 
contextual factors. However, the conceptual framework below belies the significant 
complexity and debate that can stem from these three areas. Therefore, the conceptual 
framework (see Figure 1) illustrates these relationships in a simplified form that aligns 
with the focus of this study. Beginning at the bottom ofthe diagram, the well-established 
impact of family and community contextual factors (e.g., socio-economic status) on 
student achievement is illustrated alongside the lesser-established relationship between 
school contextual factors (e.g., class-size) and student achievement. On the right, school 
division funding is shown to have an inconsistent relationship on student achievement, as 
will be described in Chapter 2, due to the contradictory extant evidence of this 
association; however, without an assumed influence of educational inputs and outputs, 
efficiency studies cannot exist. The combination of all these factors and their interaction 
establishes the concept of annual educational efficiency. Finally, there are three 
extensions of annual educational efficiency positioned at the top of the diagram: the 
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established concepts of expected and perennial educational efficiency and the un-
established concept of sustained efficiency. Each of these efficiency concepts constitutes 
the focus ofthis quantitative study. 
Expected Perennial Sustained 
Educational Educational Educational 
I I II 
Annual Educational Efficiency 
Student ~ Educational Achievement ' Funding 
._. 1J 
Family& School 
Community Contextual 
--....:.< Un-Established Extension of Annual Educational Efficiency 
Figure 1 
Established Extension of Annual Educational Efficiency 
¢::J Weak or inconsistent Relationship 
~ Established Relationship 
Conceptual Framework Model 
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Research Questions 
This study will explore the concept of educational efficiency of school divisions 
in the Commonwealth of Virginia and will seek to answer four questions: 
• To what extent do Virginia public school divisions achieve annual, expected, 
perennial and sustained efficiency? 
• What educational inputs are the strongest determinants of annual educational 
efficiency? 
• What contextual factors are the strongest determinants of Virginia public school 
divisions' efficiency? 
• What is the level of agreement among the sustained efficiency measures? 
Methodological Overview 
In keeping with previous literature, this study relied upon quantitative analysis. A 
mixed-method approach; however, has been suggested by Houck, Rolle, and He (20 1 0) 
such that a qualitative exploration of those schools demonstrating efficiency follows a 
quantitative identification of such schools. This powerful causal-comparative 
methodology would be unique in the literature, yet was precluded from the scope of this 
study due to available resources and time. In order to answer the research questions, the 
terms and statistical analyses are introduced in this section. These details will be further 
explored in both Chapter Two and Chapter Three with greater detail and application to 
the intent of this study. 
Definition of Terms 
Gain pass rate student achievement. The difference in division-level test pass 
rates in English on the Virginia Standards of Learning (SOL) Test in grades 5, 8, and 11 
12 
from one school year to the next and the difference in division-level test pass rate in 
mathematics on the Virginia Standards of Learning Test in grades 5, 8, and algebra from 
one school year to the next. 
Instructional funding. The costs of resources, personnel, and materials directly 
involved with student instruction including " ... technology-related activities .... classroom 
instruction, guidance services, social work services, homebound instruction, 
improvement of instruction, media services, and office of the principal" (Virginia 
Department of Education, 20102). 
Exogenous factors. A host of generally unalterable characteristics (Houck, Rolle, 
& He, 2010; Stevens, 2006) in the school community that characterize the community's 
composition (e.g., percentage of students receiving free and reduced lunch, local 
composite index, median household income, race demographics, and median housing 
price). 
Endogenous factors. Variables within a school that can be controlled to some 
degree by policy and practice (e.g., funding, teacher quality and school size). 
Annual educational efficiency. The relationship between educational inputs and 
outputs where the optimal use of educational inputs results in increased student 
achievement (Anderson, 1995; Hickrod, 1989; 1990; Houck, Rolle & He, 2010; Stevens, 
2006). 
Expected educational efficiency. The relationship between educational inputs and 
outputs where school divisions perform at an expected level of efficiency with expected 
levels of funding, as compared to other school divisions (Houck, Rolle, & He, 201 0). 
2 This definition is supplied on each online Annual Superintendents Report, Table 13: Footnotes 2 and 4. 
Perennial educational efficiency. The relationship between educational inputs 
and outputs where school divisions perform at a defined level of efficiency for at least 
half of a given number of school years (Rolle, 2000). 
Sustained educational efficiency. The relationship between educational inputs 
and outputs where the optimal use of educational inputs results in increased student 
achievement for three or more consecutive years. 
Data Analyses 
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One statistic and one non-statistic are used in this study. The former is Modified 
Quadriform Analysis (MQA) that determines a school division's efficiency relative to all 
school divisions and specific endogenous and exogenous factors. This technique has 
been recently applied at the school division level by Houck, Rolle, and He (20 1 0) in their 
analysis of Georgia's school divisions, and to over 9000 school divisions across the 
United States by Boser (20 11 ). The non-statistic analysis, termed Return on Investment 
(ROI), provides a simple ratio of educational output (e.g., student achievement) per 
educational input (e.g., instructional dollars spent). Together, these two data analyses 
complement each other in sophistication and application. 
Limitations of the Study 
Limitations of scholarly inquiry are the aspects of the study that are beyond the 
author's control in conducting the investigation (Rudestam & Newton, 2007). These 
factors may affect the interpretation and analysis of the study and are therefore listed 
here: 
• Data collected from the secondary sources rely upon the accuracy of the 
organizations and individuals providing the information. 
• The data are only available at the division level, and therefore, eliminates the 
possibility of investigating differences in efficiencies within and among school 
divisions. 
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• As part of the Virginia curriculum review cycle, there have been two changes to 
the math and English Standards of Learning tests over the ten year period that this 
study investigates. Longitudinal comparisons will therefore be based on slightly 
different versions of the tests. 
• The analysis is limited to the availability of specific variables at the division or 
community level. 
• There is an overall assumption that the standardized tests used in this analysis 
are important identifiers of student learning and that the aggregation of pass rates 
at the division level are also representative of student learning. 
• There is not an established defmition of instructional costs in Virginia, and 
therefore, each school division determines what items are included in its 
instructional budget. Consequently, instructional costs in one district may be 
different from another district, and this will be reflected in the data. 
• Because the pass rate gain scores are based on the same grade or course each 
year, the analysis evaluates these programs in each district, rather than a cohort of 
students' pass rate gains over time. 
Summary 
This study seeks to extend the theory and analytical methodology of educational 
efficiency and to further the understanding of annual, perennial, expected and sustained 
educational efficiency among the public school divisions in the Commonwealth of 
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Virginia. This section has provided an introduction to the aim of this study, background 
information, the questions the study seeks to answer and the means to address these 
questions. The next section will provide further details of the relevant extant literature on 
educational efficiency and the Commonwealth of Virginia. 
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CHAPTER TWO 
A Review of Relevant Literature 
What follows is a distillation of the study, debate, and application of educational 
efficiency. It provides an historical perspective on the topic, as well as an analysis of 
methodological approaches used to investigate educational efficiency. It also reviews the 
extant research at the state level with school divisions as the unit of analysis. Lastly, it 
notes the financial context of the Commonwealth of Virginia and the educational 
efficiency studies previously conducted there. 
Genesis of the Study of Educational Efficiency 
School efficiency studies in the modem era effectively began with the publication 
of The Coleman Report in 1966 (Houck, Rolle, & He, 2010). The report's major claim 
was that student background and socio-economic factors are more of an influence on 
student achievement than allocated cost-per-student variables. Following The Coleman 
Report, the impetus for many researchers was to further investigate the relationship 
between resource inputs and achievement outputs - often with the desire to refute its 
findings (Thompson, Wood, & Crampton, 2008). Despite debated inaccuracies in parts 
of The Coleman Report, virtually every study investigating the impact of socio-economic 
status (SES) on student achievement has found a positive and strong relationship, 
confirming Coleman's original findings (Hanushek & Lindseth, 2009). Although 
educational institutions cannot control socio-economic status, as well as other exogenous 
factors, there are other educational factors that attempt to ameliorate the impact. 
Specifically, endogenous factors- variables within a school that can be controlled to 
some degree by policy and practice (e.g., teacher quality and school size)- have also 
shown to contribute positively to student achievement, yet are less consistent and 
powerful in their association (Greene, Huerta, & Richards, 2007). 
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A few years after The Coleman Report (1966), a second genesis of school 
efficiency studies was prompted by court cases. Starting in 1968 with Mcinnis v. 
Shapiro, plaintiffs sought funding equity between states' school districts and adequacy of 
allocated funds. Needing to provide evidence offmancial disparity and inadequacy, 
plaintiffs presented data such as spending ratios between districts and "costing out" 
studies to determine the actual amounts required for educating children (see landmark 
and prominent cases such as Mcinnis v. Shapiro, Serrano v. Priest, Rose v. Council for 
Better Education, San Antonio v. Rodriguez, and Abbot v. Burke). Although the intent of 
these cases and the evidential fact gathering was focused on determining adequacy, they 
established a strong line of inquiry seeking causal links between student achievement and 
funding. 
When inadequate or inequitable funding was demonstrated, judicial remedies in 
some of these cases had substantial impact on state legislatures-including requirements 
to redesign educational funding formulas and adhere to (or establish) educational 
language in the state constitution. For example, in the 1989 appeal by the Kentucky 
legislature, Kentucky Supreme Court Chief Justice Stephens proclaimed: 
Lest there be any doubt, the result of our decision is that Kentucky's entire system 
of common schools is unconstitutional. ... This decision applies to the statutes 
creating, implementing and fmancing the system and to all regulations, etc., 
pertaining thereto ... .It covers school construction and maintenance, teacher 
certification--the whole gamut of the common school system in Kentucky. 
(Rose v. Council for Better Education, ~3 of Summary Opinion) 
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Moreover, the court went further and defined seven detailed and comprehensive 
educational competencies that the legislature had to guarantee to be in compliance with 
Kentucky's constitution to provide an "efficient system of common schools" (emphasis 
added,§ 183). A year after the decision, the Kentucky legislature passed school reforms 
with corporate taxes paying the way with $1.3 billion worth of funding allocations. These 
types of requirements triggered numerous plaintiffs to file similar claims in other states 
(Hanushek & Lindseth, 2009). With implications of this magnitude, policymakers and 
educational systems across the country now had a powerful incentive to seek further 
understanding of school funding efficiency. Consequently, and forced by a growing need 
to stretch limited funding, policy think tanks, foundations and universities have formed 
the third wave of research on educational efficiency that continues presently. 
Current Educational Efficiency Concepts 
School leaders, policy-makers and others wishing to better understand and 
evaluate funding for educational purposes must have valid and reliable data from which 
to draw their conclusions. Extant studies, however, have employed an array of different 
statistical approaches, defmitions of student achievement and what constitutes financial 
input (Calzini, 2010). Moreover, the empirical literature has reported mixed findings on 
the relationship and causality between funding and educational outcomes (Addonizio, 
2009; Grubb 2006; Knoepple, Verstegen, & Rinehart, 2007), although Hanushek and 
Lindseth (2009) argue that the vast majority of studies show no relationship. The current 
status of educational efficiency rests upon several decades of study, the evolution of 
methodological approaches in measuring educational efficiency and the incremental 
understanding of educational inputs and outputs. This foundation is described below. 
Measuring Educational Efficiency 
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The measurement of educational efficiency generally requires educational inputs, 
outputs, endogenous and exogenous factors and statistical analysis. In order to 
accomplish a rigorous review of these aspects of educational efficiency, a review of 
empirical research from the past ten years (publication dates from 2000 to 201 0) was 
conducted. Search terms relating to public education, efficiency and funding were used 
in six education I economic literature databases that initially yielded over 600 studies. 
From this list, final selection of research was guided by: technical or allocative 
efficiency, US school system, K-12 public education, quantitative analysis, and financial 
inputs and student outcomes. Additionally, emergent from this search were two further 
scholarly sources that added to the literature collection: specific professional journals 
that focused on educational finance, and scholars (some of whom were published prior to 
2000) that were significant in their landmark studies. In total, just over 50 research 
articles (see Appendix A) were reviewed for the statistical approach, variables used (i.e., 
efficiency metrics) and fmdings. There are three noteworthy limitations regarding the 
methodological approach in this review of literature. The collection of the research was 
dependent upon the search terms identified, number and type of literature databases 
available to the author, and availability of full text documents, in print, online and 
through inter-library loans. This search also makes the assumption that the most critical 
and relevant work has been conducted in the past decade. 
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Measuring Financial Resources 
The number of input variables found in the targeted literature search can be 
divided into two endogenous categories (see Table 1). The first is "financial resources," 
which represent direct dollar allocations that can be easily determined from state, division 
or school balance sheets. The second, "school resources," is a variety of less concrete, 
but still quantitative measurements of school inputs (e.g., class size, percentage of faculty 
with advanced degrees). Researchers used each category independently or in various 
combinations. A sample of typical financial and school resources is found in Table 1. 
Measuring Exogenous Factors 
As noted earlier, SES factors have a distinct relationship with educational 
outcomes. In the reviewed studies, researchers selected from a wide variety of 
exogenous variables that have been shown to have similar impact on student 
achievement. In Table 2, these variables are categorized by the source: school, 
community, family, and peers. It should be noted that some of the fmancial variables 
listed also have direct relationships to school funding. For example, "median housing 
cost" is likely to have a direct connection with educational funding, as this is one factor 
that is used to determine housing taxes that fund schools in most states (Jones, 1985). 
Measuring Output Variables 
Output variables were measured most prominently in the literature by a variety of 
standardized tests, and only occasionally by other non-standard measurements. Overall, 
state tests in math and reading were most common. It is interesting to note some of the 
more novel variables, such as the "proxy for civic participation" (see Table 3), which 
speak to important educational outcomes beyond the more traditional assessment of 
content knowledge. 
Table 1 
Endogenous School Input Variables Found in Extant Literature 
Endogenous Factors 
School Resources Financial Resources 
Percentage or ratio of teachers with graduate Per pupil expenditure degrees 
Years of teacher experience Average teacher salary 
Percent or ratio of administrators per student Instructional costs 
21 
Average class size Instructional to administrative costs ratio 
Table 2 
Exogenous Input Variables Found in Extant Literature 
Exogenous Factors 
School Factors Community Factors Family and Peer Factors 
Percentage of English 
Language Learners 
Percentage of students 
eligible for free and reduced 
lunch 
Community wealth index Intra-district mobility rate 
Percent of students who are 
in special education 
Median housing cost 
Race demographics 
Reported disciplinary reports Sales tax wealth per 
per enrollment pupil 
Median salary 
Parent educational attainment 
Attendance rate 
Table 3 
Output Variables Found in Extant Literature 
Output Variables 
Standardized Tests 
State tests (Usually reading and math with 
scaled scores or pass rates) 
Scholastic Aptitude Test average 
Advanced Placement tests passed per 
1000 
Stanford Achievement Test 
Non-standardized Measurements 
Percentage of voting population (a proxy 
for civic participation) 
Graduation rate 
Students attending 2 or 4 year colleges 
College aspiration rate 
Statistical Approaches in Measuring Educational Efficiency 
The literature review revealed that a number of statistical and non-statistical 
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approaches have been used to study educational efficiency. The majority of studies used 
a statistical approach and tended to use some form of multiple regression. What follows 
is a brief overview of each statistical method found. It is important to note the strengths 
and weaknesses of each statistic and its appropriate application. 
Multiple Regression 
Multiple regression (MR) is a multivariate statistic used for explaining or 
predicting a dependent variable (criterion) from a set of independent variables (predictors 
or factors). In a predictive application, multiple regression could be used to forecast SAT 
math scores ofhigh school students (criterion) by using overall grade point average, math 
course grade point, number ofyears of schooling, and number of math courses taken. In 
an explanatory role, multiple regression could be used to analyze SAT math scores by an 
inventory of scores on student attitudes towards math, parental expectations of math 
ability, desire for higher education, and rigor of academic preparation. It is important to 
note that while multiple regression can expose a mathematical relationship, it cannot 
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establish causality in either prediction or explanation. Further explanation of multiple-
regression can be found in Grim and Yamold (1995). 
Canonical Correlation Analysis 
Similar to basic multiple regression, canonical correlation analysis (CCA) uses 
multiple factors to predict or provide explanation; however, CCA goes further by using 
multiple criteria. This statistic, therefore, provides researchers with greater flexibility in 
the number of variables they wish to include in exploring a possible relationship between 
multiple inputs and multiple outputs simultaneously. The explanatory and predictive 
power of CCA lies in its sophistication to include multiple independent variables, and 
further explanation of this approach can be found in Grim and Y arnold (2000). 
Modified Quadriform Analysis 
Modified Quadriform Analysis (MQA) uses two multiple regression formulas on 
educational input and output to analyze educational efficiency. The differentials from 
actual and predicted regressions provide positive or negative results that are used to 
indicate four different categories of efficiency (Hickrod et al, 1989; 1990; Houck, Rolle, 
& He, 201 0). Those schools producing higher than expected output with lower than 
expected input (efficient) would be of particular interest for those looking to investigate 
further and examine potential casual explanations for efficiency. This method is 
explained in greater detail in Chapter Three. 
Stochastic Frontier Analysis 
Since the new millennium, Stochastic Frontier Analysis (SF A), an economic 
metric, has become more common in educational efficiency studies (Palardy & Nesbit, 
2007). Similar to MQA, SF A uses a multiple regression approach, but rather than a two-
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step method, it harnesses a regression of an educational outcome (e.g., standardized test 
scores) against financial expenditures (e.g., cost-per-pupil) simultaneously with 
educational inputs (e.g., teacher-to-student ratio). This approach increases statistical 
power as it avoids the violation of assumption errors3 associated with the two-stage 
approach used in MQA (Carpenter & Noller, 2010). Supplied with school division data, 
an SF A model can establish which variables are the key determinants for establishing an 
efficiency frontier. This efficiency frontier represents the best possible efficiency based 
upon the collective data, and efficiency beyond this frontier is not possible. Further 
explanation of SF A can be found in Kumbhakar and Lovell (2000). 
Data Envelopment Analysis 
Similar to SFA, Data Envelopment Analysis (DEA) also produces an efficiency 
frontier, but unlike SF A, it is a non-parametric statistic, meaning it does not assume a 
population distribution. Lin and Tseng (2005) describe the differences from an economic 
and mathematical approach as: 1. DEA does not include an "error capture" as in SF A, 
and therefore does not account for factors other than the variables that are used; 2. Like 
CCA, DEA can accept multiple inputs and outputs, and 3. DEA is applied to 
deterministic processes - that is, processes that are less influenced by chance events. 
Further explanation ofDEA can be found in Cooper, Seiford, and Tone (2006). 
While it appears from extant literature that most researchers wishing to use a 
frontier analysis opt for SF A over DEA due to the lack of error capture, Ruggerio (2006) 
has argued that differences in error between the two methods can be smoothed by using 
aggregated (school division level) data in DEA. In a synoptic review of empirical studies 
3 Violation of assumption errors in multiple regression analysis includes linearity, normality of error, 
homoskedascity and independence of error. 
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using DEA, Worthington (2001) also defends DEA by rebuffing arguments that the 
complicated nature of educational inputs, outputs and contexts prevents its useful 
application. Chakraborty (2003) provides support to Ruggiero and Worthington's 
assertions. Using DEA with multiple inputs and outputs, Chakraborty (2003) was able to 
show evidence that school districts that were more efficient were able to achieve an 
academic standard at lower cost, achieving higher test scores required increased levels of 
funding, and low and high enrollment in divisions required higher expenditure per pupil, 
suggesting there is an enrollment size that is most cost effective. The debate on this issue 
is also noted in the section below on state level district analysis, where some studies have 
compared results ofDEA and SFA on the same data. 
Confirmatory Path Analysis 
Confirmatory Path Analysis (CPA) begins with a "researcher's theory about the 
causal relationship among a set of variables" (Klem, 1995, p. 67), which is depicted in a 
diagrammatic model. Using multiple regression, correlation and chi-square, the 
theoretical model is tested against collected data. For each relationship, CPA returns a 
value (i.e., path coefficient) that demonstrates the magnitude of the relationship. In 
essence, the stronger the relationship with each variable, the more plausible the overall 
model. This type of analysis is highly useful in examining educational efficiency when 
paired with a theoretical construct that may be influenced by educational inputs such as 
Cybulski, Hoy and Sweetland's (2005) work with teacher efficacy. Further explanation 
of CPA can be found in Grimm and Y arnold (1995). 
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Meta-Analysis 
Meta-analysis is a quantitative method of examining extant empirical literature by 
combining the results from a selection of studies that focus on a single topic. This 
statistic returns an effect size (ES) that is a measure of strength of the treatment. While 
the interpretation is somewhat subjective, conventional use describes 0.20 as a "small" 
ES, 0.50 to be "moderate" ES and 0.80 and greater as "high" (Cohen, 1988). Because ES 
can be transformed from other statistics (e.g., ANOV A, correlations and t-tests ), it 
provides a common measure by allowing the combination of results from multiple studies 
using diverse statistical approaches. Further explanation of meta-analysis and effect size 
can be found in Grimm and Yarnold (1995). 
Return on Investment 
One non-statistic that is based on the simple division of output over input was 
found only in one empirical study and is used currently by Florida's Department of 
Education. This approach, termed return on Investment (ROI) by Florida's Department 
of Education does not look at any contextual aspects, such as socio-economic factors, and 
returns a ratio value of educational output per dollar spent, typically only using test 
scores and cost per pupil. Because it only uses a single input and output variable, it is the 
most "raw" of the metrics found in the literature (see Chapter Three, Table 6). 
Summary of Statistical Approaches 
The approaches used by researchers over time have all focused on the same goal 
of trying to understand the relationship between allocated money and student 
achievement. In keeping with this goal and with regard to the specific research questions 
proposed (as well as the data available and the Virginia school division as the unit of 
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analysis,) MR, CCA, SF A, DEA, MQA and ROI would all be appropriate. The ultimate 
selection from this list is described in Chapter 3. Regardless of the approach used by 
previous researchers, the results and interpretations found in the literature are nearly as 
diverse as the selected variables and statistical approaches. Moreover, the findings from 
the collection of research are contradictory and have caused difficulty in establishing a 
clear relationship. 
The Struggle to Find Causality in Educational Efficiency 
The search for causality in educational efficiency has been a difficult task not 
only because of the elusive nature of the complex factors that determine student success, 
but also because the evidence showing a link between inputs and outputs is so rarely 
conclusive. A review of literature that has sought to explore this relationship 
demonstrates this lack of consistency, and several studies are described here to highlight 
this struggle. 
In a study of educational efficiency, Green, Huerta, and Richards (2007) provide 
an example of using multiple regression to test different models of efficiency. Their 
criteria, (i.e., gain scores on a state standardized test and college aspiration rate) remained 
constant in each of the models tested, while the predictors included different sets of 
school input variables (i.e., resource variables and student characteristics variables). By 
comparing the models' multiple regression results, they were able to conclude that 
including resource inputs (e.g., class size) in concert with student characteristics (e.g., 
socio-economic status) provided increased predictive ability of gain scores on tests and 
college aspiration rate. This supported the claim that monetary inputs do affect student 
achievement to some degree and are not insignificant. 
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However, the evidentiary support for money not having a positive impact on 
student achievement is also found alongside these studies. In providing empirical 
analysis to the ongoing debate over the success of charter schools over non-charter 
schools, Palardy and Nesbit (2006) and Carpenter and Noller (2010) used SFA to 
evaluate the educational efficiency of such schools in Arizona and Minnesota 
respectively. Palardy and Nesbit found the overall effect of charter schools on math, 
reading and language Stanford Achievement test scores was mixed, whereas Carpenter 
and Noller found that charter schools were less efficient when compared to non-charter 
schools on English test scores, but found no statistically significant difference in math 
test scores. In terms of significant determinants ofthe frontier, Palardy and Nesbit found 
that out of twelve variables, five had an impact on frontier efficiency with none of them 
being a financial variable. Carpenter and Noller found that out of seventeen variables, 
seven were significant in their impact on the efficiency frontier and only one was a 
financial variable. These studies demonstrate the inconsistent and weak relationship 
between funding and student achievement. 
In a study in Florida, the lack of connection between inputs and outputs was 
further supported. lion and Normore (2006) used multiple regression to assess the cost 
effectiveness ofvarious inputs on students' test scores on the state's comprehensive 
assessment, including class size-a highly contentious factor due to the significant costs 
of class size reduction. After establishing the impact of all the input variables, they 
determined and applied respective costs to each factor. The researchers concluded that a 
policy that mandated class size reduction was the least cost-effective initiative in raising 
student test scores. This supports the idea that funding certain initiatives is more 
effective than others, but even this may depend upon the contexts of the schools. For 
example, money allocated to a certain supplemental reading program may prove to be 
effective across a wide range of schools, but may be more or less effective depending 
upon the local context of each school community or school (e.g., level of parental 
support, quality of instructional staff, and implementation fidelity). 
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Using CF A, Cybulski, Hoy, and Sweetland (2005) looked at cost effectiveness in 
conjunction with another concept called collective efficacy - "the collective self-
perception that teachers in a given school make an educational difference to their students 
over and above the educational impact of their homes and communities (Tschannen-
Moran & Barr, 2004, p. 190). Self-admittedly, Cybulski, Hoy, and Sweetland (2005) 
address this unique combination of economic theory and organizational theory, noting the 
"unlikely organizational variables [of fiscal ratios and collective efficacy] to be combined 
within a study" (p. 440). Their findings confirmed past research on the positive impact of 
collective efficacy on student achievement, yet found no significant relationship between 
financial input ratios and student achievement. This and the other studies described above 
are relatively recent; however, the extant research described below also reveals that this 
struggle for causality was debated well before these researchers. 
Most noteworthy in the use of meta-analysis regarding the impact of financial 
resources on student achievement are the collective works conducted by Greenwald, 
Hedges, Laine and Hanushek in 1994 and 1996. The subsequent interpretations of the 
same data produced polar opposite fmdings-Hedges, Laine and Greenwald (1994) and 
Greenwald, Hedges and Laine (1996a; 1996b) finding that school financial inputs have a 
positive and significant relationship with student outputs, whereas Hanushek (1994; 
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1996; 1997) found no such statistically significant relationship. Although the difference 
between these findings is based largely on the technical aspects of meta-analysis used by 
each researcher, the scholarly arguments and debate remain just as contentious today. 
The variety of statistical approaches and diverse types of input and output 
variables have provided insight into understanding money and student achievement in 
schools, yet a clear and compelling causal relationship is elusive. In their review of 
literature and methodology focused on causality, Barrow and Rouse (2005) concluded 
that there have been an increasing number of reliable studies that demonstrate that there 
is a collection of educational inputs that do and do not make a difference. They 
cautioned, however, that" ... many unanswered questions remain" (p. 2). In sum, a 
potential causal relationship between educational inputs and outcomes remains obscure, 
tentative and open to further analysis. As this study uses school divisions as the unit of 
analysis, in contrast to the research described above4, a further review ofliterature that 
focused on research on states' school divisions was conducted. 
Division Level Analysis of Educational Efficiency 
In presenting the past ten years of division level literature, it is useful to organize 
the research studies by methodological approach, rather than by region, chronological 
order or other criteria, so as to highlight the two general approaches used in determining 
division level efficiency. The first is normative in nature and uses a deterministic 
approach of statistically measuring efficiency, whereas the remaining methods use a 
relative approach, where division educational efficiency is statistically determined 
relative to one another. Houck, Rolle, and He (2010) weigh the strengths and weaknesses 
4 All of the described studies used schools as the unit of analysis, except for the meta-analysis studies 
whose unit of analysis could not be determined. 
of both approaches, and note that the normative approach " ... does not allow for the 
consideration of wider sociopolitical and contextual facts that may impact school and 
school system performance" (p. 335). Subsequently, the relative approach, using SFA, 
DEA, and MQA described earlier, is more prevalent in current educational efficiency 
studies. 
Normative State Level Studies 
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Using a regression analysis, Hinshaw (2002) regressed 22 input variables with 
one output variable in Ohio's school divisions' Local Report Card for the 1999-2000 
school year. This single output measure was as robust as the input variables, which 
included: the total number of standards met for math, reading, science and writing in 
three different grade levels, as well as cumulative grade level tests (9th and 12th), 
citizenship measures, attendance rates and graduation rates. The twenty-two input 
measures consisted of a variety of endogenous and exogenous factors including six 
different per pupil spending variables. From the analysis, nine of the twenty-two 
variables were significant in the predictive model. It is important to note that within the 
remaining nine variables only one type of funding variable (per pupil spending on pupil 
support) was significantly and positively related to achievement. Using the nine 
significant variables, a secondary regression was conducted and then was compared to 
actual data. Using the residuals from this predicted and actual data, Hinshaw (2002), 
then attempted to find common characteristics among the top ten divisions (highest 
residuals) and the bottom ten divisions (lowest residuals). Using this method, Hinshaw 
(2002) found no identifiable pattern of division or community characteristics. 
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Also using the production function regression method, Ireland (2005) sought to 
find a common set of characteristics in division educational efficiency. Ireland regressed 
input variables regarding teachers (e.g., degrees, experience and certification), the 
community (e.g., education levels and income) and school finance (e.g., student 
expenditures in six categories) with output variables represented by percentage of 8th 
graders passing math and reading on the Minnesota Basic Skills Test. The variables in 
the regression were only statistically significant for some of the output measures (unlike 
Hinshaw (2002), the output variables were not combined). The results showed that 
efficiency in reading output decreased with increased instructional expenditure and also 
with the percentage of students from low socio-economic levels; reading efficiency 
increased with the greater the average teacher's experience and parent education level. 
For math, lower student-teacher ratios, greater teacher experience and degrees and parent 
education level all increased efficiency. The only statistically significant variable shared 
by both math and English in improving educational efficiency, therefore, was parent 
educational level. In an effort to fmd common division characteristics that determined 
efficiency, Ireland (2005) used ANOVA and cluster analysis. Similar to Hinshaw (2002), 
the results showed that there were no common characteristics for efficiency in both math 
and reading. 
Like the aforementioned studies, Neymotin (2009)5 looked at district efficiency 
using student achievement via scores in academic subjects (i.e., math, reading, science, 
and social studies) and graduation rates. Because of missing data, not all variables were 
available for all years; therefore, data were selected from a variety of years between 1997 
5 This recently published work is based on the original report conducted at the Center for Applied 
Economics and Kansas University's School of Business (see Neymotin, 2008). 
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and 2006. Funding per student was the input variable for all regression analyses. 
Additionally, the analyses included nine other input variables that described the 
divisions' characteristics using data from the 2000 census. Of the fifty-three regressions 
conducted, only seven (13%) were significant, and were only weakly associated. 
Additionally, of these seven relationships, six were related to graduation rates, and 
subsequently, Neymotin (2009) concluded that there was only some evidence that 
funding had a positive relationship with graduation rates and that funding did not 
associate with student achievement in standardized testing. 
In contrast to Neymotin (2009), Knoepple, Verstegen, and Rinehart (2007) 
provided evidence that fmancial inputs have a positive relationship with educational 
outputs. Using canonical correlation analysis, they were able to conclude that teacher 
salary (determined by teacher experience and education) was the strongest predictor of 
educational outputs, followed by the school community's wealth index, an adjusted per-
pupil expenditure and total days of school. 
Relative State Level Studies 
Adkins and Moomaw (2005) used panel data from 1990 to 1995 to analyze 
divisions' efficiency in Oklahoma's school divisions using SFA. They selected two 
financial input variables--divisions' instructional and operational expenditures per 
student and paired this with the other input data that described the divisions and school 
characteristics. These variables included teacher salary, percentage of students eligible 
for free and reduced lunch, percentage of minority students, and percentage of English 
language learners. Division percentile scores from the Iowa Test of Basic Skills for 
grades 3 and 7 and the Test of Achievement and Proficiency for grades 9 and 11 were 
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used as student achievement output variables. The analysis demonstrated a weak effect 
of instructional and non-instructional funding on student achievement scores, and that 
teacher experience had a positive impact on efficiency. 
Also using panel data, from 2000 to 2005, Walters (2006) conducted a similar 
study in Michigan's school divisions. Similar to Adkins and Moomaw (2005), Walters 
(2006) used instructional cost per pupil and total cost per pupil as fmancial input 
variables, and teacher salary and percentage of students eligible for free and reduced 
lunch as school characteristic input variables. Additionally, one other school 
characteristic variable, average students per teacher, was included in Walters study. 
Output variables were the divisions' 4th, 7t\ and 8th grade math and reading pass rates 
from the Michigan Education Assessment Program state test. All variables were non-
significant in the regression analysis except for teacher salaries. This supported the same 
findings of Adkins and Moomaw (2006). It was concluded, however, that exogenous 
school factors had more of an effect on efficiency than endogenous school factors. 
That exogenous factors are associated with educational efficiency was also 
supported by findings in a study by Conroy and Arguea (2007). Using Florida's 
Comprehensive Assessment Test from the fourth and fifth grades from school year 1997 
- 1998, Conroy and Arguea also employed SF A to study division level efficiency. 
Despite not using a direct financial input variable in their analysis (average teacher 
experience was used), they were able to identify several exogenous factors and school 
characteristics that led to district inefficiency: lower student promotion rates, higher 
percent free-lunch eligibility, higher crime and violence, higher suspension rates and not 
having a parent-teacher organization (a proxy for parent involvement). 
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In a robust study of Pennsylvania's school divisions, Cho (2009) used panel data 
from 2001 to 2006. The SFA used input variables of instructional expenditure per 
average daily attendance, support service cost per average daily attendance, average years 
of experience for teachers and average salary of teachers with output variables of math 
and reading proficiency. In the final analysis, Cho (2009) found support for several 
conclusions about Pennsylvania's divisions. First, the average division was 77.59% 
efficient in math and 85.76% efficient in reading. Second, low SES students and students 
on individual education programs had more impact on efficiency than instructional 
expenditures and support services. Third, like Adkins and Moomaw (2005) and Walters 
(2006), teacher salary was associated with higher efficiency. Fourth, community 
population (i.e., urban, suburban and rural) was associated with lower efficiency. Fifth, 
competition for students from private schools decreased efficiency. Lastly, the most 
efficient school divisions (top 5 percent) were explored to find common characteristics, 
yet there were none. This is similar to findings by both Hinshaw (2002) and Neymotin 
(2009) in Kansas and Ohio, respectively. The percentage of efficient school divisions in 
Pennsylvania was closely matched by school divisions in an Arkansas study conducted 
by Adams (2008). 
Using data from the school year 2005 - 2006, Adams (2008) created an 
"effectiveness index" (a combination of division average of percent proficiency in 4th and 
8th grade math and literacy, Algebra I and 11th grade end of course literacy) as 
educational output with four educational inputs (student teacher ratio, average teacher 
salary, expenditures per student, and administrative expenditures per student). The data 
analysis suggested that 80% of Arkansas divisions were running ineffectively in the given 
year. This average is almost the exact average of the two efficiency scores reported by 
Cho (2009). 
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As described earlier, the two relative approaches described in the studies above 
(SFA and DEA) are closely related. Rassouli- Currier (2002) compared these two 
methodologies in a study of Oklahoma's school divisions' panel data from 1996 to 1999. 
In comparing the findings of the two approaches, which in some instances found opposite 
results using the same data, Rassouli - Currier (2002) concluded that DEA was more 
reliable due to its ability to include multiple outputs. In contrast, Chakraborty, Biswas 
and Lewis's (2001) results of studying Utah's division efficiency found that the results 
from the two methodologies were very similar. The exogenous factors in the Utah study, 
like the previous studies' exogenous factors (the percentage of minority students, 
percentage of students in special education and percentage of students eligible for free 
and reduced lunch) all had strong and negative relationships with school efficiency. Only 
one exogenous factor, however, the percentage of adults over the age of 20 with 
education beyond a high school diploma, had a strong and positive association with 
efficiency. School input variables of teachers' salary, experience, advanced degrees and 
school size had no impact on efficiency. Consequently, Chakraborty, Biswas and Lewis 
(200 1) concluded that unalterable characteristics influence efficiency far beyond the 
factors within the schools' control. In fact, only one school-related factor, student-
teacher ratio, showed-a positive relationship on efficiency, and yet was only a weak 
effect. The study by Chakraborty, Biswas and Lewis (2001) found Utah's divisions to be 
86% to 90% efficient on average - slightly higher than the results reported by Adams 
(2008) and Cho (2009). Using data from 1992- 1993, the divisions' average score on an 
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11th grade standardized test was the output measure. While there were no direct financial 
variables, the school and community input variables included: student-teacher ratio, 
percentage of teachers with advanced degrees, percentage of teachers with more than 15 
years experience, percentage of students eligible for free and reduced lunch, percent of 
divisions' population having completed high school, and net assessed value per student. 
The analysis demonstrated that parental education was the strongest determinant of 
efficiency, followed by all other SES and environmental factors. 
While still desiring a relative methodology, other researchers have chosen to 
compare divisions' efficiency using MQA. As noted earlier, this method produces four 
categories of efficiency, and therefore, provides a greater range of efficiency description 
as opposed to the previously described studies that can only offer the percentage of 
efficient districts. Prior to becoming "modified" by Anderson (2005), the MQA was used 
and developed by Hickrod (1989, 1990) as the Quadriform Analysis (QA). Anderson's 
change was to add additional "unalterable school characteristics" (i.e., exogenous 
variables) relating to community wealth which created a more stable model than the 
original QA (Anderson, 1995). 
Hickrod (1989) led a study of Illinois school divisions through the Center for the 
Study of Educational Finance, with the intention of developing an operational definition 
of technical economic efficiency. This effort established the QA, and by using this 
method, efficient Illinois school divisions were identified. Data from 1986 and 1988 
used school divisions' average score on the American College Test (ACT) as educational 
output and the divisions' cost per student as education input. Additionally, three 
variables that described the communities' exogenous variables were included: percentage 
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of low income families, assessed valuation per pupil (a measurement of division tax 
value), and percentage of students eligible for free and reduced lunch. The MQA 
analysis identified 21 of the 420 school divisions (5 %) that were efficient both in 1986 
and 1988. A year later, Hickrod (1990) expanded upon this work by using an aggregate 
of four years of data ( 1986 - 1989) and an additional eleven financial ratios and eight 
exogenous variables. The subsequent QA resulted in Illinois school divisions that were 
17.9% efficient, 14.8% effective, 18.1% ineffective, 13.1% inefficient and 36% expected 
in their educational efficiency. A post-hoc analysis was conducted using ANOV A to 
determine a common core of characteristics found among the 75 (17.9%) school divisions 
that were found to be efficient. Hickrod (1990) concluded that, "in general, 
characteristics beyond the control of local superintendents and local boards contributed 
more the determination of [educational] economic efficiency than did factors under the 
control of the superintendents and the boards" (p, iii.). Anderson (1995) challenged these 
findings in a study that compared the efficiency of Michigan's rural (population under 
2500) and urban (population over 50,000) school divisions, with data from 1988 and 
1998. While Anderson (1995) did not report the percentages of each efficiency level, 
discriminant analysis was used to fmd what characteristics, from a total of 30 exogenous 
and endogenous variables, were common and unique to the two categories of school 
community size. The findings suggested that there are, in fact, some endogenous 
variables that schools can control to improve efficiency (Anderson, 1995): 
• Class-size is positively related to efficiency and teacher salary is negatively 
related to efficiency across all school divisions. 
• Instructional expenditures and teachers' level of education improved school 
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efficiency only in urban school divisions. 
• The quality of the library improved efficiency in the rural school divisions, but 
not in urban schools. 
• The number of guidance counselors improved efficiency in urban school 
divisions and reduced it in rural settings. 
However, these results are refuted by Rolle (2000) in a study oflndiana school divisions. 
Rolle's (2000) longitudinal study provides the greatest number of academic years 
included in extant MQA research. Rolle (2000) used panel data ranging from 10 to 25 
years (i.e., academic years between 1974 and 1998, depending on the analysis) with 
MQA that incorporated 34 exogenous and endogenous variables with 4 educational 
outcome variables: graduation rates, attendance, remediation rates and school quality. 
Findings demonstrated that Indiana school divisions were 30% efficient, 25.4% effective, 
30% ineffective, and 14.6 inefficient in graduation rate (Rolle, 2000).6 In comparison to 
Anderson (1995), Rolle (2000) only found supportive evidence to suggest that one 
endogenous variable (out of 18) was a significant factor: student-teacher ratio. This 
finding is corroborated by Stevens (2006), who also found that the number of students 
per teacher had a significant relationship with the mean SAT and ACT scores, district 
completion rate, and math and reading scores. Stevens' (2006) study of Texas school 
divisions also reported that just over 32.2% of the divisions were considered efficient, 
19.5% effective, 17.5% ineffective and 30.8% ineffective. The study used the 
percentage of students passing the math and reading Texas Assessment of .Knowledge 
6 Rolle's use of graduation rate with student expenditures as input and output variables is the only common 
analysis among all of the other studies described that use the MQA, and therefore is the only one reported 
here. 
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and Skills, graduation completion rate, percentage of students taking the SAT and the 
ACT Test, and the mean scores on the SAT and/or ACT Test from 2003-2004 as the 
educational output variables. Input variables included the percentage of eight different 
expenditure variables (e.g., instructional expenditure, leadership expenditure, and gifted 
and talented expenditure,) and several division and community variables (division 
enrollment, percentage of economically disadvantaged students, percentage of special 
education students, percentage of minority students, and local tax base value per pupil). 
In addition to the factors that increased efficiency, one factor predicted decreased 
efficiency: the percentage of expenditures at central administration was least associated 
with mean SAT and ACT scores and division completion rate. 
Using a similar set of input and output measures produced similar results in a 
study conducted with Georgia school divisions by Houck, Rolle, and He (20 1 0). Taking 
the average efficiencies from the five output variables, school divisions were 30.3% 
efficient, 19.6% effective, 27.1% ineffective and 22.9% inefficient. In addition to the 
four standard efficiency categories used by Rolle (2000) and Steven (2006), Houck, Rolle 
and He (2010) added an additional category based on the work by Hickrod (1989; 1990) 
and Anderson (1995). This fifth category is based on the idea that there should be a 
"buffer zone" surrounding the area where the residuals equal zero, that is, where there is 
no difference between the expected and the actual data. Although Hickrod (1989; 1990) 
and Anderson (1995) chose to use this method to exclude the identified divisions in order 
to sharpen their analysis of efficient divisions, Houck, Rolle and He (20 1 0) adapted this 
zone to describe divisions as achieving as expected. In order to calculate this zone, a 
proportion of a standard deviation of the standard error of each regression is used. 
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Divisions within this zone fall into the "expected" category. Houck, Rolle, and He 
(2010) use Anderson's (1995) suggestion of0.1 standard error of estimate rather than 
Hickrod's (1989, 1990) 0.5 level. Using this buffer zone, it was found that an average of 
17.9% of school divisions were achieving as expected. Consequently, this reduced the 
percentages in each efficiency category by 4 or 5 percentage points. Lastly, Houck, 
Rolle, and He (20 1 0) measured the persistence of school divisions that remained in one 
of the original four categories for each output variable. In this scenario, only 10% were 
considered efficient and 4% effective for all output measures, while none were 
persistently ineffective or inefficient. 
This review of state level research suggests several aspects among the study of 
school divisions in terms ofboth methodology and results. First, while relative and 
normative approaches and statistical techniques may differ, there is a common core of 
input factors used in the analysis: a variety of exogenous community factors, school 
financial variables, and school endogenous factors. Second, state or national 
standardized tests are most commonly used as output factors to be used as a proxy for 
student achievement. It should also be noted that almost all include math and reading 
scores or pass rates, while only a few use alternative variables to describe educational 
output, such as graduation rates. Third, there is an almost even split among the analyses 
that use panel data over multiple years from those that use data from one or two school 
years. Fourth, in terms of results, it is clear that school endogenous factors and fmancial 
inputs may have some relationship with educational efficiency, but are secondary to the 
effects of community exogenous factors. The conceptual framework of this study is 
supported by these observations. Lastly, a summary of efficiency results of the MQA 
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research described here is shown in Table 4. It is interesting to note that despite the 
variety of input and output variables, data from five different states and research that 
spans twenty years, there are some similarities in the results. 
It is important to frame educational efficiency within the specific context of the 
state in which the study is conducted. While the objectives and methodology of this 
study could be used in any of the states, interpretation must be mindful of the policy, 
financial landscape and previous studies unique to each state. To this end, the following 
section introduces the state of Virginia as the focus of this study. 
Table 4 
Summary of State Level QA and MQA Results from Extant Studies 
State Percentage of School Divisions in Categorya 
(Study) Efficient Effective Ineffective Inefficient Expected 
Illinois 17.9 14.8 18.1 13.1 36.0 (Hickrod, 1990) 
Michiganb 
(Anderson, 1995) 
Indiana 30.0 25.4 30.0 14.6 N/A (Rollec, 2000) 
Texas 32.2 19.5 17.5 30.8 N/A (Steven, 2009) 
Georgia 25.8 14.8 22.9 19.0 17.9 (Houck, He, & Rolle, 2010) 
AVERAGE 26.5 18.6 22.1 19.4 13.5 
Note. Efficiency in each of these studies was determined from a variety of selected 
variables and although there are some common variables among the five listed, 
comparisons of efficiency should consider each study's unique set of variables. 
a Not all totals add to 100 due to rounding. 
b Results were not reported as this study focused on the methodology of the MQA 
c Without the benefit of composite efficiency percentages, efficiency of graduation rates 
with total student expenditures is reported here, as this most closely resembles the other 
studies listed. For other percentages with other variables, see Rolle (2000). 
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The Commonwealth of Virginia 
Virginia has a noted heritage of financial conservatism and fiscal strength. 
Recalling the past and present success of Virginia's economy, Governor McDonnell 
remarked at the State of the Commonwealth Address in early 2011, that Virginia's 
" ... conservative budget management, innovation, and smart investments have positioned 
the Commonwealth in the forefront ofthe states" (McDonnell, 2011, ~ 33). This claim is 
supported by Virginia's impressive ratings by standard economic measures. Virginia 
holds the highest bond rating in the union - a rating shared with only six other states -
and has held this rating for the past 70 years, more than any other state (Virginia General 
Assembly, Joint Legislative Audit and Review Commission, 2010). Fiscal responsibility, 
along with high productivity, is an established and desired characteristic of Virginia. It 
follows that the state's educational system is also expected to deliver a high level of 
educational service within a clearly defined financial framework. Indeed, the Virginia 
Constitution plainly states, an" ... educational program of high quality is established and 
continually maintained ... " (Virginia Constitution, Article VIII,§ 1) and that" ... funds are 
to be provided for the cost of maintaining an educational program meeting the prescribed 
standards of quality ... " (Virginia Constitution, Article VIII,§ 2). The adequacy of this 
funding has been challenged only once, after the funding of Standards of Quality had 
been established in the 1971 constitution7. The legal challenge resulted in the Supreme 
Court of Virginia siding with the state. The court's opinion agreed with the plaintiffs that 
education was a fundamental right of Virginia's citizens, but decided that the state 
constitution did not mandate equal spending among the school divisions as long as the 
7 An earlier case, Burruss v. Wilkerson, challenged funding based solely on local property value and 
led to the creation of the current funding scheme (Salmon, 2010). 
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minimal standards of quality were met. The opinion also suggested that any disparities in 
funding between school divisions must be remedied through the Virginia General 
Assembly (Scott v. Commonwealth of Virginia). While this call for legislative action has 
been largely unmet (Salmon, 2010), Virginia's school system has outperformed the 
nation's average scores in math and reading from the National Assessment of Educational 
Progress (NAEP) tests at the fourth and eighth grades since 1998, except for one year 
where the national average in fourth grade math was one point higher than Virginia's 
average (U.S. Department of Education (2010). Virginia, from this perspective, seems to 
be doing more with less. The evolution of funding for Virginia's schools has led to the 
current status described below. For a full fmancial and legislative history on this topic, 
see Blount (2000) and Salmon (20 1 0). 
Financial Dependency and Taxation 
Public schools in Virginia are "fiscally dependent," meaning they are fully 
dependent on local, state and federal governance to provide financial appropriations, and 
do not have direct taxing ability (Jones, 1985). In the local aspect, this means that school 
divisions, via the school divisions' school boards, must request funds from the county or 
city governing body. This dynamic may be cooperative or competitive in nature, 
considering that school funding is at the discretion of the elected officials who also 
determine funding for all other public services, projects and needs of the county/city 
(Driscoll & Salmon, 2005). At the state level, Virginia has a sales tax, ofwhich 1.125% 
is allocated to public schooling, as determined by the funding policy described below. As 
with almost all states, local funding for schools is based on revenue generated from real 
estate taxes (Dickey, 2009). 
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Federal, State, and Local Funding 
School funding for Virginia's public schools uses a financial policy plan that is 
considered a combination of foundation and guaranteed tax base which provides 
guaranteed state funding at a certain percentage of a calculated cost of each division 
(Odden & Picus, 2003). Dickey (2009) describes the funding structure in Virginia 
generally with two main components: The cost for each division is determined by the 
Virginia Code's Standards of Quality, which uses 12 specific funding formulas (see 
Appendix A); and the state funds a minimum of 20% and a maximum of 80%, with the 
remaining local fmancial contribution being dependent on the localities' ability to pay. 
This ability to pay is biennially assessed by a Local Composite Index (see Appendix B). 
Schools may also allocate funds beyond the required minimum; therefore, divisions with 
higher socio-economic means are generally able to provide greater additional funding. 
Additionally, specific grants are provided to individual schools or divisions at the 
discretion of the Virginia Department of Education and Virginia Legislature. Lastly, 
federal funds are provided through various legislation, such as Title I, IDEA and NCLB. 
Like state grants, federal grants also provide revenue for specific initiatives at the state, 
school or division level. 
Public School Divisions of Virginia 
There are 132 public school divisions in Virginia that serve either a city/town (37) 
or a county (95). Some cities or towns have joined in formal agreements with 
neighboring counties, towns or cities to establish a single division that combines students, 
funding, schools and all other aspects of a typical school division. For the purpose of 
confidentiality, individual identifying criteria have been removed from this study, and 
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when reporting the findings, individual divisions are referred to with a pseudonym. 
Consequently, the most recent descriptive statistics of the variables used in this study are 
provided at the state level and not the individual division level (see Table 5). 
Table 5 
Descriptive Statistics for Selected Variables of Virginia School Divisions, 2008-2009 
Range 
Division Variable Min Max Mean SD 
Inflation Adjusted Instructional 6375.25 14497.05 8006.77 1369.67 Cost Per Pupil 
5th Grade Achievement SOL 70 (- 90 Pass Rate (Average Gain from 89.5 (+1.94) 4.84 (4.29) 
Previous Year) 8.50) (+25.5) 
8th Grade Achievement SOL 84.05 Pass Rate (Average Gain from 61 (-25) 98 (+30) (+2.46) 7.41 (-6.26) Previous Year) 
Average Algebra SOL Pass 
Rate (Average Gain from 50 (-12) 99 (+13) 82.69 (+.65) 9.55 (3.83) 
Previous Year) 
11th Grade English-Reading 86 (-8) 100 (+8) 94.43 4.36 (3.06) (+0.47) 
Local Composite Index 0.17 0.8 0.38 0.15 
Percentage of Students Eligible 6.29 77.49 42.33 16.09 for Free and Reduced Lunch 
Inflation Adjusted Local 1386.71 18,121.83 4781.22 2762.66 Financial Effort per Studenta 
Number of Teachers per 1000 60.61 116.35 82.92 9.81 Students 
Percentage of Student 
Receiving Special Education 7.9 20.8 13.84 2.46 
Services 
Enrollment 258 166072 9095 18641 
Percentage of Teachers with 23 79 46 9.26 Advanced Degrees 
Percentage of Community 
Members with College Degreeb 8.21 69.5 22.1 12.06 
Note: 
a The base year for inflation adjustment is 2010 
b Percentage of Community Members with College Degree was taken from the Census 
Bureau for the 2005- 2009 estimate. 
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Educational Efficiency in Virginia 
The extant literature on Virginia educational efficiency provides three empirical 
studies, each with varying statistical methods, educational inputs and outputs. Dolan and 
Schmidt (1987) provide the earliest empirical study that examined educational efficiency 
specifically in the state of Virginia. Their study ofthe 128 school divisions used panel 
data from 1980 to 1984 in a normative production function (regression) analysis. The 
output variable was the divisional percentiles at the 4th, 8th, and 11th grade level from the 
Science Research Associates Achievement Series on math and reading. An 
amalgamation of several measures was used to develop variables of educational input 
(nine measures), socioeconomic status (twenty measures) and student aptitude (three 
measures). Educational input variables included seven financial variables and two 
variables on teacher to student ratios. Student aptitude and socio-economic status were 
the strongest statistically significant contributors of efficiency, yet only demonstrated 
some significance in 4th grade achievement. The authors also noted that, inexplicably, 
instructional costs had a negative relationship with student achievement. Overall, Dolan 
and Schmidt (1987) concluded that expenditures had little impact on educational 
outcomes. This finding is contrasted with the work ofK.noeppel, Verstegen, and 
Rhinehart (2007), the second study of Virginia's school divisions conducted some twenty 
years later. 
Also using a normative approach, Knoeppel, Verstegen, and Rhinehart (2007) 
used a canonical correlation analysis to explore a possible relationship between the Iowa 
Test of Basic Skills scores, college attendance, and voter participation (the latter being 
used as a proxy for citizenship/participation and public affairs) and five financial inputs 
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and two school resource inputs (number of days of school and student-teacher ratio). 
This data were from grades 4 and 11 from the 1997 graduation cohort. With these 
multiple inputs and outputs, the canonical correlation regression suggested four variables 
that were significant in predicting student achievement: average teacher salary, local 
composite index, an adjusted per-pupil expenditure and total days of school. 
The last and most recent study of educational efficiency of Virginia's school 
districts was Tuttle's 2008 report. Tuttle (2008) was able to rank and evaluate the 
Virginia school divisions using the state's standardized assessment (i.e., Standards of 
Learning) and cost per pupil expenditures for the 2005 school year. It is important to 
note that no exogenous factors are used in this approach. Tuttle (2008) used the 
following formula to determine school division efficiency: 
Cost Benefit Value = Goal Attainment Average + School Division Per Pupil 
Expenditure 
where goal attainment average was the average of the division's passing rates for English 
and math on Virginia's standardized test. This average was then divided by the school 
divisions' annual cost per pupil. The resulting quotient yields a return on investment 
efficiency ratio where the closer to one, the more efficient the division. This was then 
used to compare against other divisions. Additionally, the cost benefit values can be 
divided into score bands, creating categories of efficiency. Using this approach, Tuttle 
was able to report that 55 (42%) ofVirginia school divisions operated with "highest" to 
"moderate" efficiency, yet a clear majority of school districts (58%) operated with 
''poor" to "worst" efficiency. 
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These Virginia studies have extended state level analysis in much the same way 
as many ofthe other state level studies. A close comparison of the Virginia studies to the 
other state level studies reveals that they follow the same patterns of variables and 
methodologies reviewed and summarized earlier. However, it is important to note that 
none of the Virginia studies uses a value-added approach; only one study uses data after 
the year 2000 and only one uses longitudinal data from more than two school years. 
Consequently, the absence of these parameters in the extant literature provides the 
opportunity and need to further explore Virginia's educational efficiency in public 
schools. To this end, the following rationale describes how this study will meet this need. 
Rationale 
While the struggle for causality has been essentially exhausted by a normative 
productive function approach, a relative approach, more prevalent in recent empirical 
literature, provides the opportunity for a causal-comparative approach. In a review of the 
extant literature on educational efficiency, it is evident that there is reason to extend this 
line of inquiry in new directions. First, the scholarly community will benefit from a 
study that will incorporate a value-added approach. Second, the literature is absent of the 
concept that schools should maintain efficiency continuously - defined as sustained 
efficiency in this study. These first two extensions of methodology align with 
accountability requirements of Annual Yearly Progress, in that progress must continually 
meet new goals and maintain those achievements. Third, a focus solely on the resources 
that most directly influence student learning (i.e., instructional costs) is needed to better 
understand a more authentic relationship between funding and achievement. Lastly, 
noting its past and future desire for high standards and fiscal responsibility, Virginia 
would benefit from a current and robust study that advances both policymakers' and 
educators' understanding of educational efficiency. 
Summary 
so 
This chapter has provided an analysis of the literature on educational efficiency 
focusing on the statistical approaches, variables and the findings of scholarly work, which 
note the following: the statistical methodology in exploring efficiency has evolved over 
time and currently there is a greater emphasis on a relative approach; the selected 
variables for determining efficiency are quite diverse and focus on financial, endogenous 
and exogenous factors; and the research record demonstrates a conflicted understanding 
of the relationship between fmancial input and educational output, yet the relationship 
with socio-economic factors is consistently demonstrated. 
Furthermore, this chapter has also described the study of educational efficiency 
completed at the state level, and there appears to be a somewhat greater level of 
consistency in the findings among the studies using MQA as compared to other methods. 
There are few educational efficiency studies in Virginia, and their findings, like most of 
the reviewed literature, are also conflicting. Lastly, this chapter has presented the general 
and financial context of Virginia's public school divisions. The next chapter provides a 
detailed description of the methodologies and procedures that were used to answer the 
research questions in this study. 
CHAPTER THREE 
Procedures and Methodology 
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The intention of this study was to extend the theory and analytical methodology 
of educational efficiency and to further the understanding of annual, perennial, expected 
and sustained educational efficiency among the public school divisions in the 
Commonwealth of Virginia. This population study takes a relative approach, using six 
years of panel data that includes value-added student achievement data in math and 
reading. This chapter sets out the methodology and procedures used to conduct this 
research. 
Research Questions 
This study explored educational efficiency in the state of Virginia at the school 
division level and sought to answer four questions: 
• To what extent do Virginia public school divisions achieve annual, expected, 
perennial and sustained efficiency? 
• What educational inputs are the strongest determinants of annual educational 
efficiency? 
• What contextual factors are the strongest determinants of Virginia public school 
divisions' efficiency? 
• What is the level of agreement among the sustained efficiency measures? 
Data Collection 
Data for this population study of Virginia public school divisions were collected 
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from the Virginia Department of Education online database of Superintendent's Annual 
Report and the Virginia Assessments Results database for school years 2003 - 2004 to 
2008 - 2009. Additional Virginia school division data that were not available from these 
resources was requested through two offices of the Virginia Department of Education: 
The Division of Finance and Operations and the Office of Information Management. 
Lastly, US census data were retrieved from the Census Bureau's online database. 
Selection of Statistical Approach and Analysis 
As noted earlier, the selection of a quantitative methodology is in keeping with 
previous literature, yet within this positivistic approach, two further methodological 
considerations were determined. First, it was decided that a technical efficiency approach 
was preferred over an allocative one. This decision is due to the fact that a technical 
approach - working toward a desirable outcome with a given amount of resources - is 
aligned with actual school funding practices and economic realities, whereas an allocative 
approach has the perspective which exhausts all money is pursuit of desirable outcomes. 
Secondly, both relative and normative approaches were selected. A normative approach 
aligns with current context-blind accountability practices and legislation where there is, 
arguably, a "no excuses" mentality to improvement. Alternatively, the relative approach 
aligns more with the concept that success is relative to a set of common factors. 
Therefore a school division that outperforms others, with consideration of the same 
influencing factors, may provide insight to effective practices. 
Consequently, ROI was chosen as a method, as it satisfies the desired technical I 
normative approach. It has also been used previously in Virginia by Tuttle (2008). 
modified quadriform Analysis (MQA), data envelopment analysis (DEA) and stochastic 
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frontier analysis, were all considered for the technical I relative approach, yet for 
logistical and financial reasons with regard to the necessary statistical software, DBA and 
SFA were not possible. For this reason, and its recent use in Georgia (see Houck, He, & 
Rolle, 2010), MQA was the accepted statistical analysis. The two chosen methods of 
data analysis, described briefly earlier, are presented here in greater detail. Table 6 
summarizes the overall structure of the research plan with these questions, the data 
sources, and statistical and non-statistic analysis. 
Table 6 
Data Sources and Analysis of Research Questions 
Research Questions 
To what extent do Virginia 
public school divisions achieve 
annual, expected, perennial and 
sustained efficiency? 
What educational inputs are the 
strongest determinants of annual 
educational efficiency? 
What contextual factors are the 
strongest determinants of 
Virginia public school divisions' 
efficiency? 
What is the level of agreement 
among the sustained efficiency 
measures? 
Modified Quadriform Analysis 
Data Sources 
Panel Data from 
Virginia Department of 
Education 
Panel Data from 
Virginia Department of 
Education 
Panel Data from 
Virginia Department of 
Education 
Results from 
MQAandROI 
Data Analysis 
MQAandROI 
MQA 
(Beta coefficients of 
multiple regressions) 
MQA 
(Beta coefficients of 
multiple regressions) 
Cohen's Kappa 
Modified Quadriform Analysis is an extension of multiple regression in that it 
uses two multiple regression formulas in two stages to analyze educational efficiency 
among a group of schools, divisions or other unit of analysis. Using pooled data from the 
sample or population, the first step of stage one regresses an input variable such as cost-
per-pupil with a set of exogenous and endogenous factors such as school size, percentage 
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of special education students and percentage of students receiving free and reduced 
lunch. The second step then regresses an output variable such as standardized test scores 
with the same set of characteristics. These two regressions provide the predictive values. 
The second stage involves subtracting the actual value of the division's input variable 
from the predicted input and also subtracting the actual value of the division's output 
variable from the predicted output value (i.e., the residuals). The two stages are: 
Stage 1 : Predictive Values 
Y educational output 
Yeducationalinput = BtXt + B2X2 + B3X3 + ... BnXn + e 
The output variables (Y) for these regressions are: 
Yeducational input: Inflation adjusted instructional cost per pupil 
Y educational output : 
• 5th grade achievement SOL pass rate gain 
• 8th grade achievement SOL pass rate gain 
• Algebra SOL pass rate gain 
• 11th grade SOL English-Reading pass rate gain 
The predictor variables (X1 ... n) in these regressions are: 
• Percentage of students eligible for free and reduced lunch 
• Local Composite Index 
• Inflation adjusted local effort per pupil 
• Community educational attainment 
• Percentage of students receiving special education services 
• Division size 
• Teacher Educational Attainment 
• Number of teachers per 1000 students 
Stage 2: Actual Values 
Output Efficiency = Y output - Actualoutput 
Input Efficiency Y input - Actualmput 
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The returned values for each school will be either positive or negative. A 
negative value reports that the input or output is below the predicted value, whereas a 
positive value is greater than the predicted value (a value of zero would indicate the 
actual value is equal to the predicted value). The possible combination of positive and 
negative values for both input and output variables creates a four-cell matrix that can be 
graphed to visually represent the divisions' efficiency. Each matrix cell creates an 
efficiency category (Hickrod et al, 1989, 1990; Houck, Rolle, & He, 2010) as shown in 
Figure 2. This method was used to determine the annual efficiency of each school 
division in Virginia. 
Return on Investment 
One non-statistic analysis was found in Tuttle (2008) and also in Florida's 
Department of Education. This approach uses a proxy for student output that was divided 
by an educational financial input. Using this type of metric, termed "return on 
investment" (ROI), Florida's Department of Education uses the combined average of gain 
scores for math and English in their calculation as a proxy for academic improvement 
(Florida Department of Education, 2011 ). From data at the school level, an ROI can be 
calculated for every school in Florida. Schools are then labeled as "high" or "low" in 
their ROI by calculating cut scores based upon one standard deviation below and above 
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the mean; the mean is used for a "medium" label ofROI {T. Schwarz, personal 
communication February 2, 2011). Using one standard deviation above the mean is also 
used in this study to identify annual efficiency of divisions in Virginia. 
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Figure 2 MQA Efficiency Example 
Annual Efficiency 
• 
5 
Annual efficiency is determined by both MQA and ROI. In ROI, annual 
I 
I 
efficiency is defined as a school division that has an ROI that is one standard deviation 
above the mean in any subject in any one year. In MQA, it is a school division that is 
placed in the "efficient" quadrant in any subject in any one year. 
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Perennial Efficiency 
Using the results of annual efficiency from both the MQA and ROI analyses, a 
perennial efficiency can be calculated from the six years of data. Using Rolle's (2000) 
methodology, school divisions that have annual efficiency for at least half of a given 
number of school years-a minimum of three years in this study-have achieved perennial 
efficiency. 
Expected Efficiency 
Expected efficiency is determined from the MQA and not the ROI. Using the 
quadriform data, expected efficiency for each school division can be determined by 
whether the division is situated in the "expected" zone. This zone is defmed by 0.1 of the 
standard error of each input and output regression (see Figure 2). 
Sustained Efficiency 
Sustained efficiency is defined as the optimal use of educational funding resulting 
in increased student achievement for three or more consecutive years. Three years is 
used as a high standard of sustained efficiency when applied to the MQA analysis, as the 
probability of any one school remaining in any one quadrant for three consecutive years 
by random chance alone is approximately 1.56 percent. Three years is also used with the 
ROI analysis for the sake of consistency. Determining whether a school division has met 
this standard requires a review of whether or not any school division is rated as 
"efficient" for three or more years in a row from the MQA and ROI analyses. 
Variable Selection 
The variables selected for this study represented exogenous community factors, 
school financial input, and school endogenous factors. Variables for each of these 
58 
categories were selected on the basis of their availability and appropriateness. The 
variables are detailed below and summarized in Table 7. 
Table 7 
Selected Variables and Analysis 
Variables Analysis 
Variable Category Specific Variables MQA ROI 
Educational In.12ut Inflation adjusted instructional cost .12er J2Upil • • 
5th grade achievement SOL pass rate gain • • 
8th grade achievement SOL pass rate gain • • Educational Output Algebra SOL pass rate gain • • 
11th grade SOL English-Reading pass rate gain • • 
Percentage of students eligible for free and 
• 
reduced lunch 
Exogenous Local Composite Index • Community Factors Inflation adjusted local effort per pupil • 
Community educational attainment • 
Percentage of students receiving special 
• 
Endogenous Variables education services 
Division size • 
Teacher Educational Attainment • 
Number of teachers per 1000 students • 
Educational Output 
Educational output for both MQA and ROI was measured by two variables: 
value-added pass rates of the Virginia state standardized test, the Standards of Learning. 
The SOL English pass rates in grades 5, 8 and 11 and SOL Math pass rates in grades 5, 8 
and algebra from 2003 to 2009 provided the panel data needed for both analyses. Value-
added data are calculated from the difference of pass rates (gain pass rate) from one 
school year to the next. Math and English-Reading were selected based on their 
prevalence in extant research and Chakraborty (2003 ), who posits "math and reading 
skills are recognized as the two most powerful determinants for future success and 
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earning potential in the public education literature" (p. 26). As noted earlier, the 5th and 
gth grade subjects were grouped together, whereas Algebra and 11th grade English-
reading remained separate. Each variable is termed as follows: 
• 5th Grade Achievement SOL Pass Rate Gain 
• 8th Grade Achievement SOL Pass Rate Gain 
• Algebra SOL Pass Rate Gain 
• 11th Grade English-Reading SOL Pass Rate Gain 
Educational Input 
Educational input for both the MQA and ROI was comprised of instructional 
costs per pupil for each division. This variable was created by dividing total instructional 
cost by the average daily attendance - both provided by the Virginia Department of 
Education's database. Instructional costs included the costs of resources, personnel, and 
materials directly involved with student instruction, including " ... technology-related 
activities .... classroom instruction, guidance services, social work services, homebound 
instruction, improvement of instruction, media services, and office of the principal" 
(Virginia Department of Education, 201 08). As this study used data over six years, each 
year's allocated dollar amount was corrected for inflation and converted to 2010 dollars 
using the Consumer Price Index (CPI), which has been shown to be just as economically 
accurate as more sophisticated indices (Grubb, 2006). Therefore, the final variable is 
termed inflation adjusted instructional cost per pupil. The calculation for converting 
spending using the CPI from any given year to 201 0 is 
AmountA x (CPh I CPlzoro) = Amountzoro 
8 This definition is supplied on each online Annual Superintendent's Report, Table 13: Footnotes 2 and 4. 
where AmountA is the spending in a past year, CPIA is the consumer price index for the 
same past year and CPho10 is the consumer price index for the year 2010. 
Exogenous Community Factors 
Exogenous community variables for the MQA included three variables based 
upon factors that cannot be easily manipulated by policy or practice. The factors used 
here are proxies for local community wealth and educational levels. 
• Local Composite Index (LCI) - The calculated percentages of funding 
responsibility for the state and each school division based on property value, 
retail sales, local income, local and state population and student population 
(see Appendix B). 
• Percentage of students eligible for free and reduced lunch (PFRL) - The 
percentage of students eligible for federally supported free or reduced lunch in 
each division. 
• Inflation adjusted local effort per pupil (IALEPP) - The inflation adjusted 
dollar amount per student that exceeds the minimal local funding contribution 
requirements of the state's school funding formula (see Appendix A and B). 
• Community educational attainment (CEA)- The percentage of community 
members over the age of 18 that have a bachelor's degree or higher. 
Endogenous Educational Inputs 
60 
Endogenous educational inputs for the MQA included three variables based upon 
factors that can be manipulated by policy or practice to some degree. 
• Number of teachers per 1000 students (TKS}-the number of teachers per 1000 
students in each division. 
• Percentage of students receiving special education services (SPED)-the 
percentage of students in each division receiving services for special education. 
• Teacher educational attainment (TEA)- the percentage of teachers in the 
division that have a master's degree or higher. 
• Division Size (DS) - the average daily membership as calculated by the 
Virginia Department of Education. 
Ethical Safeguards and Considerations 
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Although this study uses an extant database, "ethical concerns ... should mirror 
those safeguards a researcher would take when collecting data" from participants (Grant, 
2006, p. 67). Due to the sensitive and political nature of educational inputs and outputs, 
and moreover, the ranking of divisions based on these variables, the names of school 
divisions in this study will remain confidential. Additionally, this study was approved by 
the Internal Review Board at The College of William and Mary. 
Summary 
This chapter has outlined the methodological decisions and details needed in 
carrying out this study. In short, this investigation is a longitudinal population study that 
takes a normative and relative approach to analyzing technical educational efficiency 
using pass rate gain scores from Virginia's SOL math and English-reading, fmance and 
resource inputs and exogenous community factors. The study seeks to determine 
educational efficiency in four categories: annual, perennial, sustained and expected. 
Additionally, it will determine what factors (endogenous and exogenous) are the greatest 
factors that affect educational efficiency. Analysis will be conducted using ROI and 
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MQA and their findings will be compared using Cohen's Kappa. The next chapter shares 
the findings of these procedures. 
CHAPTER FOUR 
Analysis of Data 
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This study seeks to extend the theory and analytical methodology of educational 
efficiency and to further the understanding of annual, perennial, expected and sustained 
educational efficiency among the public school divisions in the Commonwealth of 
Virginia. Specifically, four research questions, listed below, were investigated using the 
methods and procedures described in Chapter 3. These research questions were answered 
by analyzing data collected from the Virginia Department of Education and the Census 
Bureau using the Predictive Analytics SoftWare Statistics Gradpack (PASW) - version 
18.0 and Microsoft Excel2008 for Mac- version 12.1.4. This chapter presents the 
statistical analysis and describes the findings of the MQA and ROI analyses for the 
following research questions: 
• To what extent do Virginia public school divisions achieve annual, expected, 
perennial and sustained efficiency? 
• What educational inputs are the strongest determinants of annual educational 
efficiency? 
• What contextual factors are the strongest determinants of Virginia public school 
divisions' efficiency? 
• What is the level of agreement among the sustained efficiency measures? 
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Modification of Student Achievement Variables 
In order to create a division level student achievement variable from the SOL gain 
scores, the extant literature would suggest combining several grade levels of one 
academic discipline into one representative average. For example 5th grade, 8th grade and 
11th grade English would be averaged together to serve as the division level gain pass rate 
in English. This would be done, likewise, with 5th Grade math, 8th Grade math and 
Algebra. It was assumed that the data in this study should be treated the same way as 
described in extant literature and as presented in Chapter 3. To test this assumption 
principle component analyses, using varimax rotation, were conducted for all gain scores 
in all subjects within each year. The resulting analyses demonstrated that this assumption 
was incorrect. The factor analysis results indicated that there were three or four factors in 
the achievement data (see Tables D1- D4). The initial factor analyses coupled the 5th 
Grade Math and English together and 8th Grade Math and English together across all six 
years of data. Algebra and 11th grade English were coupled in four of the years, but not 
in the remaining two years (see Table D1). Two further factor analyses were conducted 
that forced three and four-component extraction in order to determine if a consistent 
pattern of variable combination could be found. The three and four component extraction 
produced combinations that were consistent across five of the six years (see Tables D2 
and D3, respectively). Therefore for interpretive reasons9, the more conservative use of 
four factors was chosen (the total variance accounted for by each solution noted above 
are shown in Table D4): 
• 5th Grade Math and English 
9 Although there can be some overlap of student enrollment in these courses, each ofthese subjects does 
not generally enroll students of the same age or grade level because these subjects are separated by several 
years in a school's program of studies. 
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• 8th Grade Math and English 
• 11th Grade English 
• Algebra 
Subsequently, student achievement at the division level was re-defmed by the average of 
gain pass rates for math and English-Reading at the 5th and 8th grade level along with 
Algebra and 11th grade English remaining uncombined. MQA and ROI used these in 
each of their respective analyses. These analyses were conducted for school years 2003-
2004 through 2008-2009 as originally planned. 
In order to produce the data for the MQA, the endogenous and exogenous factors 
were regressed against the pass rate gain scores in each of the aforementioned student 
achievement categories. With the 4 student achievement categories and 6 years of data, 
this produced 24 regressions. None of the 24 regression models were statistically 
significant, (see Table E1), yet all6 ofthe educational input regressions were significant 
(see Table E2). Because the MQA requires statistically significant data, the nature of the 
non-significant educational output regressions was further examined and is described 
here as a worthy and cautionary note. 
Assessment and measurement theory and statistics describe educational 
standardized test scores as being comprised of a student's true score and measurement 
error (Gronlund & Waugh, 2009). Student achievement in this study is based on 
Virginia's standardized SOL tests, which are considered to be highly valid and reliable 
(Hambleton, Crocker, Cruse et al., 2000). When highly reliable test scores from 
consecutive years are subtracted, the resulting difference is comprised more of the testing 
error than of the true score. In fact, the higher the correlation between reliable scores, the 
less reliable they become as an indicator of a true score when subtracted (Rachor & 
Cizek, 1996). Student achievement, as defined in this study, therefore was largely 
comprised of testing error and is the suspected cause of the non-significant regressions. 
As a result of this finding, SOL pass rates supplanted SOL gain pass rates. 
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To determine if the educational achievement categories described in the beginning 
of this section were maintained with this new measure, factor analysis of the educational 
output was re-calculated (see Tables F1 - F4). Like the original factor analysis, 5th grade 
English and math and 8th grade English and math grouped consistently in the three and 
four fixed component extraction models. The 11th Grade English and Algebra data were 
inconsistent in their grouping as in the original factor analysis and were kept separate as 
described earlier in this section. The endogenous and exogenous factors were then 
regressed against these achievement categories and the resulting 24 regressions were 
statistically significant except for Algebra, which was not significant for 4 of the 6 years 
(see Table G 1 ). On this basis, Algebra as an achievement category was removed from 
further analysis by the MQA and for consistency was also removed from the ROI 
analysis. The fact that student achievement in Algebra was not predicted by either 
endogenous or exogenous factors will be discussed in Chapter 5. 
Research Findings 
The analysis of data using ROI and MQA provided the methodology for 
answering the first research question in terms of annual, perennial and sustained 
efficiency, whereas expected efficiency is provided through MQA only. The second and 
third research questions that explore the factors that determine efficiency were also 
explored through the MQA regressions. Finally, Cohen's Kappa was used to answer the 
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final research question regarding the level of agreement between the findings of the ROI 
and MQA. The findings for each research question are presented below. 
Research Question One 
The first research question asks to what extent Virginia public school divisions 
achieve annual, expected, perennial, expected and sustained efficiency. To recall, annual 
efficiency is the relationship between educational inputs and outputs where the optimal 
use of educational inputs results in increased student achievement in a single year. 
Annual efficiency, as determined by ROI analysis, found that 50 school divisions 
(38%) achieved annual efficiency in 5th grade achievement, 8th grade achievement, or 11th 
grade English-Reading in at least one academic year out of the six years in this study. 
From another perspective, 82 school divisions (62%) never achieved annual efficiency in 
any subject in any of the 6 years of data. There was only slight variation in the 
percentage of school divisions demonstrating efficiency in each of the educational 
achievement categories: 5th grade achievement (25.8%), 8th grade achievement (25.0%), 
or 11th grade English-Reading (27.5%) (see Table 8 and Table H1). 
Using a comparative approach, MQA also found annual efficiency in each student 
achievement category over the six years (see Table 8, Table H2, Tables 11 -16 and 
Figures J1 - 118) and determined that 102 school divisions (77.2%) reached efficiency in 
at least one academic year. From the alternative perspective, 30 school divisions (22. 7%) 
never achieved annual efficiency in any subject in any of the 6 years of data. Again, 
looking at each achievement category individually, MQA generated percentages were 
double the ROI results and had more variation: 5th grade achievement (55.3%), 8th grade 
achievement (64.4%), or 11th grade English-Reading (66.4%) (see Table 8). 
The findings from the ROI and the MQA show that between 25% and 77% of 
Virginia's public school divisions achieve annual efficiency in at least one category of 
educational achievement, but this achievement is limited to between 50 and 102 school 
divisions. 
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Annual efficiency.established the basis for determining perennial efficiency. The 
perennial efficiency standard is defined by achieving annual efficiency for at least half of 
the time in which the divisions are analyzed (i.e., three years). In this study, three out of 
six school years established perennial efficiency. Using the ROI analysis, 35 school 
divisions (25%) met this standard in at least one of the student achievement categories 
over the six years of data. Like the annual efficiency results, there was a consistent 
percentage of schools achieving perennial efficiency in each of the three achievement 
categories: 5th grade achievement with 16.7%, 8th grade achievement with 15.9% and 11th 
Grade English-reading with 16.0% (see Table 8 and Table Kl) 
The MQA results over the six years (see Table 8, Tables 11-16, Table K2 and 
Figures J1- J18) were also used to determine the perennial efficiency. Compared to the 
ROI analysis, the MQA returned a higher number of school divisions that achieved 
perennial efficiency in at least one of the student achievement categories over the 6 years 
- MQA rated 52 (39.4%) school divisions as perennially efficient as compared to the 
ROI's 35 (26.5%). The higher number of school divisions identified by the MQA 
analysis was also the case for the individual student achievement categories: 5th grade 
achievement (26.5%), 8th grade achievement (27.3%), Algebra (18.2%), or 11th grade 
English-reading (26.7%) (see Table 8). 
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The number of school divisions achieving perennial efficiency was considerably 
fewer than those achieving annual efficiency. This suggests that while school divisions 
may be more likely to achieve annual efficiency, it is more difficult to maintain that 
efficiency over time. Again, like annual efficiency, this trend is true for both the relative 
and normative approach. It is important to note that the percentages in each MQA 
category parallel the percentages if they had been randomly assorted (i.e., 25%). 
Interpretation of these data must take this parallel relationship into consideration. 
Sustained efficiency is also based on annual efficiency and is defined as the 
relationship between educational inputs and outputs where the optimal use of educational 
inputs results in increased student achievement for three or more consecutive years. This 
standard resulted in the fewest number of school divisions for both the ROI analysis and 
the MQA. Using the ROI, just 26 (20%) school divisions ever achieved sustained 
efficiency in any achievement category. Among these 26 school divisions, there was a 
similar percentage of school divisions achieving sustained efficiency in each achievement 
category: 5th grade achievement with 12.9%, 8th grade achievement with 10.6%, and 11th 
grade English-Reading with 9.9% (see Table 8 and Table L1). 
The data from the MQA (see Table 8, Tables I1- 16, Table L2 and Figures J1-
118) returned sustained efficiency in each student achievement category and found that 
42 (approximately 32%) of school divisions had sustained efficiency in at least one ofthe 
achievement categories across the six years. Of these school divisions, the percentage 
achieving sustained efficiency in each category was slightly lower than the percentages in 
perennial efficiency: 5th grade achievement (20.4%), 8th grade achievement (20.5)% or 
11th grade English-reading (20.6%) (see Table 8). 
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The data suggest that although a select group of school divisions may be able to 
be perennially efficient, it is somewhat more difficult to maintain efficiency in 
consecutive years. As in the previous two efficiency ratings, both the relative and 
normative approaches identified school divisions with sustained efficiency, yet the MQA 
had substantially more school divisions achieving sustained efficiency. Overall, 
sustained efficiency was the most elusive for Virginia public school divisions as 
compared to the other types of efficiency. The MQA also provided the analysis for the 
expected efficiency category (see Table 8 and Figures Jl- Jl8) which is defined as the 
relationship between educational inputs and outputs where school divisions perform at an 
expected level of efficiency as compared to other school divisions (Houck, Rolle, & He, 
201 0). The percentage of schools falling into this category did not align with previous 
research in other states using MQA. As seen in Tables 11 - 16, the expected efficiency 
for Virginia was approximately 4.5% across all student achievement categories and 
school years. This is well below the 17.9% expected efficiency results described in 
Georgia by Houck, He and Rolle (2010) also used 0.1 of the standard error of estimate to 
define the expected efficiency. The difference in findings may be due to different range 
of measurements of student achievement and the impact on determining the expected 
efficiency category. In this study, student achievement is based on pass rates, which 
results in a low range of numbers. When applied to the multiple regressions, this factor 
would cause a much lower standard error of estimate, and therefore, create a much 
narrower band of expected efficiency. Consequently, the number of school divisions 
fitting this category is much fewer than results in other extant literature. 
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Table 8 
Percentage of Virginia Public School Divisions Achieving Annual, Perennial, Sustained 
and Expected Educational Efficiency, 2003 - 2004 to 2008 - 2009 
ROI MQA 
Efficiency 11 Grade 11 Grade 
Category 5th Grade 8th Grade English 5th Grade 8th Grade English 
Annual 25.8 25.0 27.5 55.3 64.4 63.4 
Perennial 16.7 15.9 16.0 26.5 27.3 27.5 
Sustained 12.9 10.6 9.9 20.4 20.5 20.6 
Expected 4.5 4.5 4.6 
Research Questions Two and Three 
The second and third research questions focused on how endogenous and 
exogenous factors relate to SOL pass rates. To determine which factors had the strongest 
relationship to student achievement, the beta-coefficients from the 18 educational input 
regressions were analyzed. All significant beta-coefficients (p < .05) were selected and 
then compared by looking for a common set of factors across student achievement 
categories and across school years. The data in Table 8 provide a clear indication that the 
percentage of students eligible for free and reduced lunch (a proxy for social economic 
status) is the most significant factor that determines educational efficiency. This factor is 
negatively associated with efficiency(~ coefficients from -.621 to -.302) across all years 
and student achievement categories except for school year 2006 - 2007 in 5th Grade 
achievement. This consistency is not found with any other endogenous or exogenous 
variable. In fact, only three other variables were found to be significant and each only 
appeared once in the matrix: Instructional Staff per 1000 Students, Local Composite 
Index and Percentage of Students Receiving Special Education Services. In summary, 
there is little to no evidence from these results that a school division's endogenous factors 
have any impact on educational efficiency. These results align with previous research 
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findings on educational efficiency from Cho (2009), Hinshaw (2002), and Ireland (2005), 
as well as decades of research that have shown the strong association between socio-
economic factors and student achievement (Green, Huerta, & Richards, 2007). 
Table 9 
Exogenous and Endogenous Educational Input Factors with Significant Beta-coefficients 
in Student Achievement Categories, 2003- 2004 to 2008- 2009 
11 
Grade 
School 5th ~ 8th ~ English- ~ 
Year Grade Value R2 Grade Value R2 Reading Value R2 
2003-04 PFRL - .511 .381 PFRL - .537 .480 PFRL -.526 .265 
2004-05 PFRL -.430 .263 PFRL -.621 .463 PFRL - .510 .184 
2005-06 PFRL -.379 .204 PFRL - .517 .256 PFRL - .411 .163 
PFRL - .480 
2006-07 .193 SPED .244 .244 PFRL -.526 .181 
PFRL - .302 
2007-08 ISKS -.240 .213 PFRL -.588 .250 PFRL -.534 .225 
PFRL - .468 
2008-09 LCI - .330 .212 PFRL -.499 .223 PFRL -.462 .274 
Research Question Four 
The final research question is posed to determine the level of agreement between 
the ROI and MQA analyses. Noting the differences between the relative and normative 
methodologies, an analysis of this type provides insight into whether or not disparate 
approaches seeking the same purpose of calculating efficiency return similar results. 
This study used Cohen's Kappa for this analysis with the interpretive descriptors from 
both Landis and Koch (1977) and Fleiss (1981) as shown in Table 9. Although the 
original research question focused solely on the level of agreement on sustained 
efficiency, the Kappa analysis was expanded to include annual and perennial efficiency 
in order to further understand the level of agreement between the two measures. 
Table 10 
Interpretive Descriptors for Kappa Values 
Landis and Koch (1977) 
Kappa Value 
<0 
0.0-0.20 
0.21-0.40 
0.41-0.60 
0.61-0.80 
0.81 -1.00 
Table 11 
Interpretation Descriptor 
Poor agreement 
Slight agreement 
Fair agreement 
Moderate agreement 
Substantial agreement 
Almost perfect agreement 
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Fleiss (1981) 
Kappa Value Interpretation Descriptor 
< 0.40 Poor Agreement 
0.40-0.75 Fair to Good Agreement 
>0.75 Excellent Agreement 
Level of Agreement between ROI and MQAfor Annual, Perennial, and Sustained 
Efficiency in 5th Grade, 8th Grade, Algebra and 1 th Grade English-reading Achievement 
Student 
Achievement Category 
5 Grade 
8th Grade 
11th Grade English-reading 
Annual Efficiency 
0.179 
0.073 
0.140 
Cohen's Kappa 
Perennial 
Efficiency 
0.228 
0.100 
0.242 
Sustained 
Efficiency 
0.244 
0.121 
0.144 
Using Landis and Koch's (1977) criteria to compare annual efficiency in all 
student achievement categories, there was slight agreement between the ROI and MQA 
(see Table 10). Fleiss' (1981) descriptors described the same Kappa values as showing 
poor agreement. The MQA and ROI had a greater level of agreement for perennial 
efficiency and sustained efficiency according to Landis and Koch's (1977) criteria, 
showingfair agreement, yet Fleiss' (1981) criteria described them as havingpoor 
agreement (see Table 10). It is clear from the Kappa analysis that the ROI and MQA 
have little agreement despite the common purpose of seeking to determine school 
division efficiency. 
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Summary 
Virginia public school divisions have a relatively high rate of annual efficiency as 
measured by both ROI and MQA, as compared to the other efficiency measures: 
perennial efficiency occurs in less than a third of school divisions and sustained 
efficiency, the most difficult to attain, was found in less than a fifth of school divisions. 
Expected efficiency, in this study, was the most elusive, but this may be due to the nature 
of the data used rather than an authentic reflection of the school divisions. The factors 
that determine these efficiencies do not provide a clear and consistent relationship with 
student achievement. Finally, the normative (ROI) and relative (MQA) approaches in 
this study have a poor level of agreement in their respective identification of annual, 
perennial and sustained efficiency among the Virginia public school divisions. The 
MQA is more likely to rate school divisions as having annual, perennial and sustained 
efficiency than the ROI. These findings are further discussed in Chapter 5 in regard to 
their implications for research, policy and practice and recommendations for further 
research. 
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CHAPTER FIVE 
Summary, Discussion and Recommendations 
Educational accountability and economic austerity have combined to pressure 
public K-12 school divisions to provide quality educational outputs with reduced 
financial inputs. Having to do more with less is a daunting task and requires an 
understanding of the relationship between inputs and outputs, as well as the factors that 
affect this relationship. This knowledge can be gained by empirical study of educational 
efficiency - exploring how school divisions have performed over time with their allocated 
funding. The purpose of this study was to extend the theory and analytical methodology 
of educational efficiency and to further the understanding of annual, perennial, expected 
and sustained educational efficiency in Virginia public school divisions. By providing 
policymakers and school leaders with this information, they may be able to improve both 
policy and practice based on this evidence. 
Summary of Research Findings 
This study's fmdings of educational efficiency in Virginia public school divisions 
are summarized below. 
1. Annual educational efficiency is the most likely type of efficiency for public 
school divisions to achieve. In the six-year period of this study, 38% to 77% of school 
divisions achieved annual educational efficiency in at least one of the student 
achievement categories and 23% to 62% of school divisions never achieved annual 
educational efficiency. When considering the achievement categories of this study, 
between 25% and 66% school divisions were efficient of the same six-year period. 
2. Perennial educational efficiency was achieved by 26% to 40% of school 
divisions in any student achievement category over the 6 years. When considering the 
achievement categories of this study, between 10% and 20% of school divisions were 
efficient in the six years of data analyzed. 
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3. Sustained educational efficiency was achieved least by Virginia's school 
divisions. Between 20% and 32% of school divisions reached this standard in any student 
achievement category. When considering each achievement category, between 16% and 
26% of school divisions were efficient. It is clear that relatively few school divisions are 
able to outperform their peers on a continual basis. 
4. MQA provided the percentages of school divisions in expected efficiency and 
revealed that approximately 4.5% of school divisions fell into this category across all 
years and achievement categories. This fmding, however, may be a result of the data's 
low range rather than an accurate indicator of school division efficiency. 
5. Of the 18 multiple regressions conducted on endogenous I exogenous factors, 
three of the eight factors were significant (p < .05), but the only variable that was found 
in all but one year I achievement category was the Percentage of Students Eligible for 
Free and Reduced Lunch. 
6. There was little to no agreement between the ROI and MQA as to which 
schools achieved annual, perennial or sustained efficiency. 
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Discussion of Research Findings 
The findings of this study have direct implications on policy, practice, 
methodology and future research. The discussion presented here is organized by these 
topics and provides both specific examples and recommendations, as well as general 
perspectives on the data and its place in the literature on educational efficiency. 
An Optimist's Perspective 
During the completion of this study, a report was published on the educational 
efficiency of9000 school districts across the United States (see Boser, 2011). It is 
important to note this research as it is an addition to the ongoing study of educational 
efficiency and also because the results of Boser's national study and this study on 
Virginia are in close agreement. Although the researchers in Boser's study also used a 
relative approach with similar methodology, 10 the variables used were quite different 
from this study. First, their educational input was the total cost per student rather than 
instructional cost per student. Second, their data were drawn from one academic year (as 
compared to the six years in this study), and therefore, only examined annual efficiency. 
Third, educational output for each school division was measured by a single metric, 
which was the average of English and Math proficiency for grades 4 and 8- 12. Despite 
these noted differences, Boser's study and this study used data from one similar year 
(2007 -2008) and found a similar number of school divisions achieving annual efficiency 
during that time. 
It is useful to draw attention to Boser's study at the beginning of this discussion 
section as it evokes an important and complex question: If the micro (132 school 
10 Although the term modified quadriform analysis was not used in this report, two multiple regressions' 
residuals of educational input and output were used to make categories of educational efficiency. 
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divisions in Virginia), recapitulates the macro (9000 school districts across the nation), is 
it possible then, in reverse fashion, to find the few school divisions that are doing more 
with less and scale up those practices? The assumption at the end of this question is that 
there are actual practices that can make a difference in achieving efficiency. Some 
educational economists, researchers and politicians would answer this with a resounding 
"no" and argue that the previously described results clearly indicate that this study's 
proxy for socio-economic status dominates educational efficiency predictions across six 
years of data and three different student achievement categories. Moreover, they may 
point to the large number of school divisions that never achieved annual efficiency, let 
alone maintained efficiency. The predictive utility ofthe regressions' beta coefficients 
and the low level of efficiency of the average school division, however, belie a practical 
significance and important reality of this study. Because of the relative nature of the 
findings in this study and Boser's national study, the appropriate response to offer is 
simply (and statistically) that "in comparison to their peers, there are school divisions 
producing better results than expected, using fewer resources than expected and 
maintaining this efficiency over several years." A further response may be best 
summarized by Green, Huerta and Richards (2007), when, after noting the Coleman 
(1966) and Jenks et al. (1972) studies, they wrote: 
This study will not challenge such findings: on the contrary, they are considered a 
given from the perspective of current social policy. The issue for this article is the 
modest goal of understanding how we might leverage the highest possible impact 
that schooling might offer in the context of the society we have. (p. 50). 
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If the results of this study and similar relative approach studies consistently indicate that 
there are school divisions that are doing more with less, then a new imperative, equal to 
that of financial and educational accountability, is to determine what that leverage may 
be. 
A Realist's Perspective 
Despite the hope afforded from this study's finding that some school divisions are 
in fact demonstrating efficiency over time, there is another perspective that must be 
addressed. As previously described in chapter 2, Virginia has a clear desire to have a 
high performing educational system within a fiscally conservative framework. While this 
goal is desirable, the results of this study question whether the majority of school 
divisions can satisfy this objective- according to the ROI and MQA, 22% and 62% of 
school districts, respectively, have never been efficient in 6 years. While the optimist's 
perspective shows that it is possible for school divisions to be both effective and efficient, 
the realist's perspective questions whether or not Virginia's goal is attainable for all 
school divisions. 
Remembering that the ROI combines an achievement and fiscal variable into one 
ratio measure, it not easy to discern which aspect is the cause for a lack of efficiency: a 
school division's poor ROI could be a result of poor student achievement, over funding 
or both. Looking instead to the MQA for insight, the visual display of the quadriform 
offers a better view as to which of these factors may be causing school inefficiency. If 
one quadrant had much more representation than the others, then one could conclude 
which factor, money or achievement, was the cause of collective inefficiency. Over the 
six years of data, however, this configuration within one quadrant does not occur. 
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Instead, the data were divided evenly across all categories and was not a pattern for 
determining whether money or achievement is the common causal factor for all school 
divisions. Consequently, without this type of overall pattern, neither blaming Virginia's 
public school divisions or the allocation of educational funding can be verified by the 
data in this study as the cause of inefficiency. 
Virginia is to be commended for its ambition and efforts for fiscal and educational 
strength, yet the results of this study question an educational accountability system that 
expects individual school divisions to be both at the same time. Unless clear and 
definitive causal factors that apply to similarly performing school divisions can be 
established, efficiency appears to be highly contextual and may have to be studied 
through individual case studies. 
A Question of Equity 
As detailed in Chapter 2, the genesis of efficiency studies is historically grounded 
around educational equity issues across the United States. As part of their legal 
arguments against the state or individual school systems, the prosecution (usually parents 
on the behalf of their children) would present data on the disproportionate allocation of 
funds between school divisions and the corresponding variance in quality of education. 
One effort to address the equity issue in Virginia was the General Assembly's legislation 
to enhance the funding formula with a quantitative provision, the Local Composite Index 
(LCI), which attempted to level the educational funding playing field. The LCI divides 
the cost of public education between the state and the local educational authority by using 
multiple measures of wealth in each locality. Poorer communities, with a higher LCI, get 
more state money, whereas more affluent communities get less. In keeping with extant 
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literature, the data from this study show a significant and negative association between 
the percentages of students eligible for free and reduced lunch and student achievement. 
Combining this finding with the intent of the LCI means that Virginia's poorer 
communities are more likely to have less educational success despite a higher proportion 
of state funding. While some would argue that equity has been achieved by the increased 
funding support offered by the LCI, others would counter that the LCI does not 
accurately address the actual costs of educating students in poorer communities. This 
study asks how schools perform with the money they have, rather than answering the 
questions "does money matter" or "how much money is needed?" However, the 
confluence of the funding formula's LCI, poor communities and educational efficiency 
does present a compelling direction of inquiry. It is interesting to note that in the most 
recent legislative session, House Joint Resolution 681 (2011) asked that, "the Joint 
Legislative Audit and Review Commission be directed to study the efficiency and 
effectiveness of the Composite Index ofLoca1 Ability to Pay" (p. 1) (emphasis added). 
This bill would have examined this key component in the funding formula for Virginia 
schools; however, the bill did not make it out of the Rules Committee, and was not 
considered by the General Assembly. 
Issues of Defining Efficiency 
Fiscal and educational strength is vital to economic growth, and central to this 
goal is determining how policy and practice can leverage and use money wisely for 
improved results. To this end, it is important for all educational stakeholders to have a 
clear understanding of what it means to be educationally efficient. The findings of this 
study demonstrate that this is not a simple task. 
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First, consider the methodologies of measuring efficiency. The ROI and MQA 
had little to no agreement as to which school divisions were efficient, and the number of 
school divisions that reached any level of efficiency was also different between the two 
measures. Although they both are considered measurements of educational efficiency, 
the data bear out the fact that they are inherently different in their de:fmition and 
assumption of what constitutes efficiency. The ROI, as a representative of the normative 
approach, considers nothing beyond financial input and educational output, whereas the 
MQA considers a host of variables that may or may not influence this relationship. The 
end product of these approaches creates two different lists of school divisions that are 
considered efficient. Although both are valid, choosing which list or methodology to 
implement can easily become a politically infused decision, rather than an empirical one. 
The desire for clarity of what is meant by educational efficiency becomes clouded by this 
reality. 
Secondly, consider the variables that are used in determining educational 
efficiency. How student achievement is defined and what :fmancial resources are used in 
the analyses has significant bearing on efficiency rankings. Over 50 studies were 
reviewed to determine which variables might be used for this study, and then what data 
was actually available influenced the final selection. If all other variables were kept the 
same in this study, substituting total cost per student for instructional cost per student, 
might substantially alter the list of educationally efficient school divisions? What is 
meant by educational efficiency may be pre-determined by which variables are selected. 
Lastly, consider the time period of analyses. A one-year analysis provides a 
single snapshot of a school division's efficiency. In any one year, a school division may 
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be calculated as being efficient, however, there is not a clear way to determine if this was 
due to a strong academic cohort of students or a sudden drop in funding for only that one 
year. Long term impacts of diminishing funding may not also reveal themselves in a 
study of a single year's student achievement data. Only when you can consider efficiency 
over time can a true pattern emerge. The MQA data in this study demonstrates this 
claim. If only looked at in single year periods, the data from the MQA could be 
interpreted quite differently from the long term view. Because the results demonstrated 
that close to 25% of school divisions were grouped into each efficiency category each 
year, it could be interpreted that the assignment to each category was random. It is only 
when schools are found in a category quadrant repeatedly, that this interpretation can be 
challenged. With sustained efficiency, there is only a 1.6% chance that a school division 
would be randomly assigned to the same category for three years in a row. Educational 
efficiency defined by longitudinal analysis will yield different interpretations than annual 
measures of efficiency. This observation makes the definition of educational efficiency 
subject to its methodology. 
Implications for Policy 
Policymakers bear the responsibility and difficulty of determining and prioritizing 
the collective desires of their constituents. However, when it comes to education 
funding policy, Brimley, Verstegen, and Garfield (2012) note that: 
It is normal for people, and especially overburdened taxpayers, to compare costs 
and apparent productivity of various public institutions or industries -particularly 
those in direct competition with each other for scarce tax dollars. Such 
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comparisons may reflect unfavorably on education for reasons beyond the control 
ofthose involved. (p. 13) 
In light of this observation, it is important for policymakers to have data in order to better 
understand educational efficiency. Armed with such knowledge, just as their tax-paying 
constituents will be, Virginia legislators must consider demonstrated efficiency across 
time in allocating educational funding. The findings in this study provide three salient 
implications for Virginia's policymakers: 
First, there should be legislative efforts to explore educational efficiency in 
Virginia in order to identify divisions that over and underperform. As noted earlier the 
causal practices and characteristics should be the focus of these studies. Legislative 
policies that promote these types of studies provide empirical evidence that should 
increase understanding, and therefore, improve decision-making. Without legislative 
inquiry into educational efficiency, decisions and policies about educational funding may 
be considered without a fuller picture of how Virginia's school divisions are able to 
utilize dollars to best serve Virginia's students 
Second, this study can make policymakers aware of the underlying differences 
between relative and normative approaches in educational efficiency and how they are 
applied. Under the federal policy ofNCLB, A YP takes a normative approach and is 
blind to the unalterable characteristics that affect student achievement (e.g., community 
wealth). A relative approach like MQA, however, "acknowledges these limitations and 
seeks to defme efficiency of districts within these socio and political boundaries" (Houck, 
Rolle, & He, 2010, p. 335). Policymakers may be more inclined to prefer a normative 
measure of efficiency that aligns with normative policies like A YP, yet need to 
understand the benefits and consequences of such a decision. 
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Lastly, policymakers also need to understand the political landscape in which they 
serve; not just their constituents' desires and needs, but also the larger forces at play. 
Specifically, lawmakers need to be cognizant of the federal influence on state education. 
Although Virginia policymakers should not blindly heed the call for educational reform 
from the federal government, they must carefully consider its political - educational 
agenda and how it may impact their communities. During an interview in September 
2010, President Obama was very clear about where his administration stood on 
educational funding, student achievement and policy for national improvement (Springer, 
2010): 
Money plays a factor, and obviously there are some schools where money plays a 
big factor. You know, they don't have up-to-date textbooks, they don't have 
computers in the classroom. So those who say money makes no difference are 
wrong. On the other hand, money without reform will not fix the problem. And 
what we've got to do is combine a very vigorous reform agenda that increases 
standards, helps make sure that we've got the best possible teachers inside the 
classroom, make sure that we're clearing away some of the bureaucratic 
underbrush that is preventing kids from learning. We've got to combine that with 
deploying resources effectively. (~ 8) 
Increasing standards and deploying resources effectively are key tenets of educational 
efficiency, and this study, as well as others like it, informs the discussion of the federal 
political agenda. Specifically, the comparison of the relative and normative approaches is 
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an important topic that can significantly shape policy regarding the definition of 
educational funding. Effective policymakers need to be informed and conversant on such 
topics to allow them to effectively join the debate on the current political agenda and 
reform movement. 
In general, policymakers need to understand that maintaining educational 
efficiency over time is very difficult. As depicted in this study, the large majority of 
school divisions are not able to achieve perennial or sustained efficiency in any subject 
area. Policymakers' expectations of efficiency need to be realistic, and at the same time, 
both demanding and supportive. Holding school divisions accountable for their use of 
funds and achievement is expected, yet targeted funding, financial incentives, increased 
funding or other legislative mechanisms may be required for school divisions to improve 
their efficiency. The academic return on educational funding investment is crucial to all 
stakeholders, and with this in mind, the following section looks to see how this study can 
inform educational leaders. 
Implications for Practice 
Like the policymakers of Virginia, principals, superintendents and school finance 
officers can improve their understanding of accountability and financial efficiency from 
the findings of this study and apply them to their respective responsibilities as the 
educational leaders ofVirginia's public schools. Specifically, this understanding can 
lead to improved management and planning for the schools under their care. These 
findings can be applied to educational practice in three areas. 
Understanding that educational efficiency has been and will continue to be part of 
the accountability movement in education is a first step. Increased knowledge of 
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educational efficiency allows school leaders to take action and to have informed 
conversations with the school's stakeholders. The recent national report by Boser (2011) 
provides a good example ofhow educational leaders will need to be savvy about 
educational efficiency. This report has published the efficiency rankings of Virginia's 
school divisions. For some, this will be worthy of celebration, while for others, it will be 
a point of stakeholder contention. In either scenario, leaders must be able to respond. 
The findings of this study provide evidence for leaders to discuss both the complex nature 
of educational efficiency, and perhaps more importantly, demonstrated efficiency over 
time. In addition to responding to external audiences about educational efficiency, school 
leaders should also become advocates of such measures. By embracing this type of 
accountability, effective leaders can use their results to leverage favorable change. For 
example, by monitoring and reporting efficiency, school leaders may be able to receive 
additional funding, justify re-allocation of funds and evaluate programs based on a robust 
cost/benefit analysis. 
A second application of this study is the methodology used to obtain the findings. 
These methodologies can be used to inform educational leaders and provide a basis for 
institutional evaluation. With some work, school divisions should be able to add 
educational efficiency to the dashboard indicators of the school division's functioning. 
Although the MQA's relative approach would require collecting data from other school 
divisions, this is possible via the Department of Education online database. It is 
understood that the statistical proficiency required of the MQA may not be accessible by 
all school divisions, yet the ROI analysis is easily calculated. However, it must be noted 
that the ROI takes a normative approach, and therefore, does not take into consideration 
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the contextual characteristics of the division. This may be an advantage, however, 
because the school division could establish its own baseline of educational efficiency, 
from which it could develop goals for improvement. Additionally, using focused 
outcome variables and specific funding allocations, the ROI can be used to rate specific 
programs, schools and services of the school division. From such ratings, funding 
allocations and their impact can be better understood. A few examples of efficiency 
ratings follow: 
1. Remedial programs: Achievement scores of English language learners on the 
SOL English test divided by the cost of additional tutoring per student. 
2. Elementary schools: A student achievement index divided by total cost of the 
elementary program per student. 
3. High Schools: Graduation rate divided by total cost for four years of high 
school per student. 
4. Food Services: A variable of nutritional value oflunches divided by cost per 
serving. 
Lastly, in the face of a continued economic downturn, school leaders need to be 
able to maximize their publicly allocated funds. Although the pressure from educational 
accountability and fmancial retrenchment is not news to most educational leaders, the 
difficulty for school divisions to maintain efficiency over time, regardless of fmancial 
health, may be underestimated. As determined by this study, perennial and sustained 
efficiency are difficult standards to achieve. Yet finding ways to improve efficiency, 
despite the challenges, is an important goal. Odden and Archibald (200 1) note that 
" ... our research is showing that districts and schools- administrators, principals and 
teachers -play the key roles in determining how to use current resources better" (p. 1 ). 
While attaining perennial or sustained efficiency may be difficult, the journey towards 
that goal has an important impact. Hess and Osberg (20 1 0) observe: 
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Cost-cutting may be a necessity in this era of constrained resources, but it can also 
be much more than that. Erasing inefficient spending is a critical step in freeing 
up the resources to drive reform and fuel school improvements, and the process 
of wringing out waste can leave schools and systems better prepared to succeed at 
the core work of teaching and learning. (p. 5) 
The oversight of student achievement and budget is a constant a reminder of the 
leadership responsibilities of school administrators, and striving to maintain efficiency by 
seeking strategies to maximize school funding must be a priority. 
Implications for Research 
One of the purposes of this study was to further the analytical methodology of 
educational efficiency, and this was conducted by exploring the concept of sustained 
efficiency- achieving at least three consecutive years of annual efficiency. As noted, 
using MQA, the random chance of a school being placed in any one category for three 
consecutive years is 1.56%. This low likelihood sets a high standard that was only met 
by a few school divisions. Future researchers should consider including this measure to 
see if the results are replicable in other states and with other student achievement 
variables. 
This study conducted 24 regressions on student achievement, resulting in 18 
significant regression models. This result was key in order to conduct the MQA; 
however, the six non-significant regressions all had the results of the SOL algebra tests as 
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an outcome variable. This finding is noteworthy as none of the eight exogenous or 
endogenous factors could predict Algebra achievement consistently, yet all the other 
achievement categories were predicted across all six years. What makes Algebra 
different? Is this result replicable? Algebra is a pivotal math course in a student's 
academic progress in school considering the increased attention and emphasis of STEM 
(science, technology, engineering and math) courses, future researchers should consider 
exploring this finding. 
Another aspect of the findings that has implications for future research is the use 
of gain scores. The use of gain scores, as calculated in this study, created non-significant 
regressions and therefore disabled the use of the MQA. Future studies wishing to 
combine funding with value added achievement measures must explore means to develop 
gain scores that are reliable. Beyond the direct implication ofthis study's findings, 
additional suggestions to improve the study of educational efficiency can be found in the 
following section. 
Recommendations for Further Research 
Based upon the process and results of this study, there are several considerations 
for future research. The suggestions presented here would help fortify, as well as extend, 
the line of inquiry in educational efficiency. 
First and foremost, potential research in educational efficiency would most 
benefit from a causal-comparative approach. As discussed in Chapter 2, causality 
between financial inputs and educational outcomes remains elusive, and mixed 
methodology may unveil complexities beyond numerical analysis. A causal-comparative 
approach could be conducted by identifying school divisions with perennial or sustained 
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efficiency, followed by qualitative methods that would probe the characteristics that may 
form the basis of the school divisions' efficiency. Researchers who wish to continue to 
pursue and assume a linear relationship between inputs and outputs could, alternatively, 
use rigorous quantitative methods in finding commonalities among school divisions with 
perennial or sustained efficiency, such as ANOV A, discriminate analysis and principle 
component analysis. The results from this study indicate that only a few school divisions 
are able to achieve the high bar of perennial and sustained efficiency. Being able to 
identify educationally efficient and inefficient schools may provide a platform to 
understand conditions, practices and policies ofthese schools. From a policymakers' and 
educational leaders' perspective, learning from those that are already efficient may 
provide the "best practices" available to emulate. 
Second, availability of data and unit of analysis should be considered in future 
studies. In this study, as well as most studies, the unit of analysis is the school division 
because the data at this level are readily available. Although a focus on the school 
division provides insight into efficiency at this level of educational structure, its 
aggregate data shield the possibility for understanding efficiency at the school building or 
classroom level. If researchers can access data at these finer levels, efficiency estimates 
become more specific and exact. An even stronger level of data is proposed by Rosa 
(20 1 0), who has argued that it is more beneficial to shift fmancial reporting to a more 
detailed per-student cost of all educational services. For example, instead of 
"instructional costs" or "instructional costs per pupil," there should be an "8th grade math 
cost per pupil" at both the division and school level. "The practice of breaking down 
budgets to fmd the cost of what is provided is an important lens on an organization's 
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expenditures, particularly in a time of constrained revenues" (Rosa, 2010, p. 72). 
Whether directly available or calculated by a researcher, this level of data would provide 
more precise determination of efficiency with any unit of analysis. This could also 
provide data for hierarchical linear modeling. 
Researchers should also explore the availability of educational outputs other than 
standardized tests. Standardized tests are a clear and preferred choice among empirical 
research and provide the most direct link to acquired content knowledge. It should be 
well noted, however, that the educational desires and objectives of parents, future 
employers and students themselves, cannot be assessed solely through these types of 
instruments. Newer educational objectives such as "college and career ready" and 
"having 21st century skills" may be elusive to simple data collection, but should be 
considered. Educational efficiency would benefit from a more comprehensive selection 
of important educational outcomes. 
Third, a methodological improvement to educational efficiency would be to 
consider more robust statistical analyses. Multivariate analysis offers three statistical 
methods worth considering. Canonical correlation analysis allows a researcher to 
simultaneously regress multiple educational outputs with multiple educational inputs. 
This feature increases the flexibility of the researcher to use a variety of variables and 
also strengthens the analysis by reducing error over repeated regressions. Both stochastic 
frontier analysis and data envelopment analysis offer powerful relative statistical 
approaches, and a study, similar to this one, that compares the results of these statistical 
methods would also advance the understanding and measurement of educational 
efficiency. 
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Lastly, this study identified schools that had annual, perennial and sustained 
efficiency in each student achievement category. Another type of efficiency, developed 
by Houck, He and Rolle (20 1 0) considers efficiency in all student achievement outputs. 
Termed persistent efficiency, this type ofmeasurement seeks to identify schools that are 
efficient across all student outcomes. Although this was not part of this study's 
investigation, it is interesting to note this type of efficiency is also difficult to achieve: 
over the six years of data, between 14% and 39% of school divisions were able to be 
efficient in each achievement category. Achieving efficiency consistently across student 
achievement categories is worthy of further investigation. 
Conclusion 
Educational accountability is firmly welded to the scaffolding of public education, 
and during the austere times of economic and financial hardship, school divisions will 
have to endure the added pressure of scarce funding. Along with the historical 
influences of financial equity and adequacy, it is the combination of these factors that 
establishes the importance ofunderstanding educational efficiency. The intention of this 
study has been to further the understanding of the relationship between educational 
spending and educational achievement by specifically looking at annual, perennial, 
sustained and expected efficiency. The findings suggest that, although many school 
divisions can achieve efficiency over the course of time, very few school divisions can 
maintain efficiency. The normative and relative approaches had little to no agreement as 
to which schools were determined to be efficient, and this has significant implications in 
simply defining what is meant by educational efficiency. Lastly, there was no consistent 
pattern of endogenous characteristics that described efficient schools, and only the 
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exogenous influence of socio-economic status was significant. This study should serve 
future investigations in that it advances analytical methodology and furthers the 
understanding of the complex nature of school funding and desired educational outcomes. 
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Appendix A 
Variables from Selected Extant Literature 
Reference 
Adams, D. S. (2008)* 
Addonizio, M. F. (2009)* 
Appendix A 
Variables from Selected Extant Literature 
Financial or 
Resource Input 
Average cost per 
student 
Administrative costs 
per student 
Total cost per 
student 
Student 
Achievement 
Output 
Standardized 
Math and 
Literacy Test 
Minnisota state 
test: School's 
mean student 
score m 
reading and 
math in third 
and fifth grade 
Endogenous 
School Factors 
Student : teacher 
ratio 
Average teacher 
salary 
District size 
Administrators 
per 1000 
students 
Support staff per 
1000 students 
Licensed 
Instructional 
staff per 1000 
students 
Non-licensed 
instructional 
staff per 1000 
students 
Teachers average 
years of 
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Exogenous Community 
Factors 
Percentage of students: in 
poverty, minority, and 
special education, 
eligible for free and 
reduced lunch 
Percentage of students: 
eligible for free and 
reduced lunch, minority, 
in special education. 
Percent of disciplinary 
incidents by building 
Intra-district mobility 
rate 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In2ut Output School Factors Factors 
expenence 
Percent of 
teachers with 
master's degree 
Adkins, L. C., & Moomaw, R. L. Instructional Four different Average teacher Percentage of students: 
(2005)* expenditures per standardized salary eligible for free and 
student test: percentiles reduced lunch, minority, 
in grades 3, 7, Average years English language 
Other expenditures and9. experience learners 
per student 
Percentage of 
teachers with 
master's degree 
or higher 
Student Teacher 
Ratio 
School size 
Anderson, D. M. (1995) Total cost per Michigan Percent of Percentage of students: 
student Standardized students taking minority, special 
test in reading ACT (proxy for education, eligible for 
Percent of total cost and math intent to attend free and reduced lunch, 
per student: basic college) 
instruction, added ACT 
instruction, general composite School size 
administration, pupil score 
Reference 
Financial or 
Resource Input 
support staff, 
support staff, library 
Salary 
Student 
Achievement 
Output 
Endogenous 
School Factors 
Percentage of 
teachers' with 
master's or 
higher 
Per student: 
books, librarians, 
teachers, 
guidance 
Percentage of 
courses in Math 
and Science 
Percentage of 
courses m 
language and 
social studies 
Number of 
instructional 
hours 
Average 
Principals' years 
of classroom 
years of 
experience 
Average years of 
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Exogenous Community 
Factors 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource ln_Qut Output School Factors Factors 
experience per 
teacher 
Barrow, L., & Rouse, C. E. (2005)* Cost per student Standardized Class size 
tests scores 
Teacher quality 
Total 
Instructional 
time 
Use of 
Technology 
Boser, U. (2011)* Cost of living Average Percentage of students: 
adjusted cost per percent of eligible for free and 
pupil students reduced lunch, English 
proficient in language learners, special 
reading and education 
math for 4 and 
8 - 12th grade 
Carpenter, D. M., & Noller, S. L. Cost per student: Mean school School type Percentage of students: 
(2010)* administration, reading and (charter vs. non- eligible for free and 
instruction, support math scores charter) reduced lunch, special 
services, operations, education, English 
maintenance, and Percentage of language learners, 
transportation, teachers with minority 
capital expenditures advanced 
degrees 
Average years of 
teacher 
Reference 
Chakraborty, K. (2003)* 
Chakraborty, K., Biswas, B., & 
Lewis, C. (200 1 )* 
Financial or 
Resource Input 
Total cost per 
student 
Percentage of 
teachers: with 
advanced degrees, 
with over 15 years 
of experience 
Student 
Achievement Endogenous 
Output School Factors 
expenence 
Teacher to 
student ratio 
School size 
Attendance rates 
Math Student Teacher 
composite of ratio 
4th, 7th and lOth 
District size 
Reading 
composite of Average 
4th, 7th, and lOth teacher's salary 
Standardized Student -
test scores for teacher ratio 
11th grade 
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Exogenous Community 
Factors 
Percentage of students 
eligible for free and 
reduced lunch 
Percentage of population 
with high school 
education 
Net assessed value per 
student 
Percentage of students 
receiving subsidized 
lunch 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In:eut Output School Factors Factors 
Chalos ( 1997) Cost per student Verbal and Attendance rate Percentage of students: 
math test non-minority, non-low 
Ratios of scores Percentage of mcome 
instructional teachers with 
expenditure and advanced 
local to total degrees 
revenue 
School size 
Cho, J. I. (2009)* Cost per student Standardized Average years of Population per square 
11th grade math teacher miles 
Support services per and reading expenence 
student proficiency Percentage of students 
rates Average teacher not on an Individualized 
salary Education Plan 
District size Percentage of students 
not economically 
disadvantaged 
Market value I personal 
income aid ratio 
Percentage of private 
school enrolment in 
district 
School district 
Herfindahl index 
Conroy, S., & Arguea, N.M. Per pupil Math and Teachers' Students eligible for free 
(2008)* expenditure reading scores average years of and reduced lunch 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource ln.J2ut Output School Factors Factors 
expenence 
Percentage of students: 
African American, 
English language 
learners, disabilities 
Student mobility 
Absentee rate 
Number of student 
violent crimes 
Ratio of: gifted students, 
suspensions or 
expulsions, student 
promotion 
Parent teacher 
organization participation 
Cybulski, T. G., Hoy, W. K., & Ratio of pupil costs Gain scores in Collective Percentage of students 
Sweetland, S. R. (2005)* to administration 4th grade math efficacy of receiving subsidized 
and operational and reading teachers lunch 
costs 
Class size 
Ratio of 
instructional costs to Average teacher 
administration and salary 
operational costs 
Average teacher 
Reference 
Dolan, R. C., & Schmidt, R. M. 
(1987)* 
Financial or 
Resource Input 
Per pupil 
expenditure: 
instructional staff, 
administration, 
instruction 
Student 
Achievement 
Output 
Division 
average 
percentile rank 
of 8th grade 
math-
standardized 
test 
Division 
average 
percentile rank 
in science-
standardized 
test-in 41h, 8th 
and 11th grades 
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Endogenous Exogenous Community 
School Factors Factors 
expenence 
Average number 
of teachers 
Average teacher Median family income 
salary, K-7 
Urban vs. rural 
Average teacher 
salary, 8-11 Percentage of non-whites 
Average Percentage of households 
principal salary, below federal poverty 
K-7 level 
Average Average monthly 
principal salary, supplemental security 
8-11 payment per household 
Student-teacher Divorce rate 
ratio, K-7 
Percentage of families 
Student-teacher with female head-of-
ratio, 8-11 household 
Percentage of housing 
without plumbing 
Percentage of housing 
with more than one 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In2ut Output School Factors Factors 
person per room 
Unemployment rate 
Percentage of 
households: with income 
< $10,000, ~ $40,000 
Percentage of population 
over 25 with 12 years of 
education 
Percentage of population 
with college degree 
Inter-district mobility 
Inter-state mobility 
Percentage of voting 
adults in 1980 election 
Driscoll, L. G. & Salmon, R. G. Cost per pupil School size City vs. county 
(2008) 
Percentage of funds 
from local, state and 
federal sources 
Duncombe, ( 1997) Cost per pupil Average test District size Percentage of households 
scores m with school-aged 
reading, Teacher salary children 
mathematics index 
Reference 
Engert (1996) 
Florida Department of Education. 
(2010)* 
Greene, G. K., Huerta, L. A., & 
Richards, C. (2007)* 
Financial or 
Resource Input 
Financial ratios 
with: administration 
costs, instructional 
costs, operational 
costs, transportation 
costs 
Cost per pupil 
Student 
Achievement 
Output 
and social 
studies, drop 
out rate 
Basic 
competency, 
diploma 
attainment, 
college 
entrance 
State test 
scores 
Language Arts 
Gain score 
Mathematics 
Endogenous 
School Factors 
Feeder schools 
School size 
gam score Class size 
College Student-teacher 
aspiration rate ratio 
Student-aide 
ratio 
Master's degree 
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Exogenous Community 
Factors 
Children in poverty 
Children at risk 
Percentage of English 
Language learners 
Environmental salary 
index 
Socio-economic index 
Socio-economic status 
Disabled student rate 
Percentage of students 
receiving subsidized 
lunch 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In,Qut Output School Factors Factors 
rate 
Doctoral degree 
rate 
Greenwald, R., Hedges, L. V., & Cost-per-student Teacher ability 
Laine, R. D. (1996a)* 
Teacher 
Greenwald, R., Hedges, L. V., & education 
Laine, R. D. (1996b)* 
Student: teacher 
Hanushek, E. (1994)* ratio 
Hedges, L. V., Laine, R. D., & Teacher 
Greenwald, R. (1994)* Experience 
School size 
Grubb, W. N. (2006)* Cost per student State and local Teacher control Percentage of students: 
standardized over instruction African American, 
Parental tests Latino, Asian American, 
contributions per Teacher American Indian, living 
student innovation with one parent, eligible 
for free and reduced 
Percent of cost of Teacher attitude lunch, remedial reading, 
instruction toward efficacy bilingual education, 
English language learner, 
Percent of revenue Teacher special education, gifted 
from state collaboration and talented program, 
advanced placement 
Percent of federal Teaching in field 
funds Hours per week working 
Reference 
Financial or 
Resource Input 
Student 
Achievement 
Output 
Endogenous 
School Factors 
Math teaching 
conventional 
Math teaching 
innovative 
Science teaching 
conventional 
Science teaching 
innovative 
Supportive 
climate 
School issues 
Negative events 
at school 
Pupil-teacher 
ratio 
School 
attendance rate 
Average years 
taught in school 
Teacher planning 
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Exogenous Community 
Factors 
Gang involvement 
Teen pregnancy or teen 
mother/father 
Mother's education 
Mother's occupation-
low-skilled or high-
skilled 
Family income per child 
Money saved for college 
Learning materials at 
home 
Female head of the 
family 
Non-English native 
language 
Parental aspirations-
college, graduate school 
Mobility 
Reference 
Financial or 
Resource Input 
Student 
Achievement 
Output 
Endogenous 
School Factors 
time 
Staff 
development 
time 
Student use of 
counseling 
Student time on 
extra-curricular 
activities 
Lowest teacher 
salary 
Highest teacher 
salary 
Percent of 
students using 
employment 
serv1ces 
Percent of 
students in work-
based learning 
Business 
connections 
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Exogenous Community 
Factors 
Religious observance 
Peer influence: college, 
dropping out 
Behavior problems 
Absenteeism 
Reference 
Grubb, W. N., Huerta, L. A., & 
Goe, L. (2006). Straw into gold, 
revenue into results: Spinning out 
Financial or 
Resource Input 
Cost per student 
Parental 
Student 
Achievement 
Output 
Endogenous 
School Factors 
Tech-prep 
programs 
Dropout 
programs 
Distributed 
leadership and 
governance 
School stability 
Positive or 
negative climate 
School 
coherence 
Disciplined 
school climate 
Hours per week 
homework 
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Exogenous Community 
Factors 
Years taught Mother's education 
Student: teacher Father's education 
Reference 
the implications of the improved 
school finance. Journal of 
Educational Finance, 31(4), 334-
259. 
Financial or 
Resource Input 
contributions per 
student 
Percent of cost of 
instruction 
Student 
Achievement 
Output 
Endogenous 
School Factors 
ratio 
Teacher base 
salary 
Certified 
teachers 
Teacher 
preparation time 
Staff 
development 
Student track: 
regular, 
vocational, and 
remedial 
Math teaching: 
rigid, creative 
Student use of 
counseling 
Science 
teaching: rigid, 
creative 
Teaching: 
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Exogenous Community 
Factors 
Family income per 
dependent 
Mobility 
Teen pregnancy or teen 
mother I father 
Work hours per week 
Outside school activities 
Friends -pro college 
Friends -pro dropout 
Gang member 
Parent education: low, 
high 
Female-headed family 
Family instability 
Native language not 
English 
Parent expectations: 
Reference 
Financial or 
Resource Input 
Student 
Achievement 
Output 
Endogenous 
School Factors 
conservative, 
progresstve, 
control 
School climate 
School 
attendance 
Negative school 
events 
School 
coherence 
School changes 
Principal 
decisions 
Parent decisions 
District decisions 
Hours of outside 
reading 
School help or 
referral 
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Exogenous Community 
Factors 
low, high 
College money saved. 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In.Qut Output School Factors Factors 
Behavior 
problems 
Hanushek, E. (1996)* Cost per pupil Teacher 
education 
Teacher 
expenence 
Teacher Salary 
Student: 
Teacher ratio 
Administrative 
inputs 
Facilities 
Hanushek. E. (1997)* Cost per pupil Teacher 
education 
Teacher 
expenence 
Teacher Salary 
Student: Teacher 
ratio 
Harris, D. N. (2009). Toward Cost of program Types of 
Policy-Relevant Benchmarks for intervention: 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource ln_Qut Output School Factors Factors 
Interpreting Effect Sizes: class size, 
Combining Effects With Costs. computer 
Educational Evaluation and Policy aided, tutoring, 
Analysis, 31(1), 3-29. doi: Success for 
10.3102/0162373708327524 All, 
instructional 
time 
Hickrod, G. A., Liu, C. C., Arnold, Cost per pupil ACT Students eligible for free 
R., Chaudhari, R. B., Frank, L. E., composite and reduced lunch 
Franklin, D. L., ... Ward, J. G. 
(1989)* Percentage of low 
income families 
Percentage of students 
taking ACT 
Hickrod, G. A., Genge, F. C., Cost per pupil ACT Percent of Student mobility 
Chaudhari, R. B., Liu, C. C., composite students: in 
Franklin, D. L., Arnold, R., & vocational Percentlowincomein 
Frank, L. E. (1990)* education, in community 
college prep. 
Percent of low income in 
Attendance rate district 
Number of ACT test 
takers 
Percent of ACT test 
takers 
Hill, P., & Roza, M. (2010)* Cost per employee NAEPmath 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In:Qut Output School Factors Factors 
and reading 
Cost per student scores 
Hinshaw, S. A. (2002)* Local revenue per Standardized School size Percent of students: with 
pupil test in disabilities, eligible to 
citizenship, Students per receive free or reduced 
State revenue per mathematics, teacher lunch 
pupil reading, 
writing, and Percent of Student mobility 
Federal revenue per reading in teachers certified 
pupil grades 4, 6, 9, in teaching area Median income 
10, and 12. 
Cost per student Teacher 
Student attendance rate 
Cost of instruction attendance 
per pupil 
Graduation rate 
Cost of facilities per 
pupil 
Cost of 
administration per 
pupil 
Cost of staff support 
per pupil 
Cost of pupil 
support per pupil 
Houck, E. A., Rolle, R. A., & He J. Expenditures per Graduation School size Percent Minority 
(2010)* pupil Rate 
Reference 
Ilon, L., & Normor, A. H. (2006)* 
Financial or 
Resource Input 
Percent cost of: 
special education, 
local revenue, Title I 
Total cost per 
student 
Student 
Achievement 
Output 
AP tests per 
1000 students 
SAT score 
Standardized 
tests in math 
Endogenous 
School Factors 
Average score Percentage of 
on administrators 
standardized 
test Percentage of 
instructions 
Charter vs. non-
charter 
School size 
Percentage of 
teachers with 
advanced 
degrees 
Teachers' 
average years of 
expenence 
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Exogenous Community 
Factors 
Median household 
mcome 
Sales tax wealth per 
pupil 
Equalized property 
wealth per pupil 
Percentage of students: 
low income, non-whites 
Reference 
Ireland, J. M. (2005)* 
Knoeppel, R. C., Verstegen, D. A. 
& Rinehart, J. S. (2007)* 
Financial or 
Resource Input 
Administrative cost 
per pupil 
Instructional cost 
per pupil 
Instructional support 
per pupil 
Pupil support cost 
per pupil 
Operational cost per 
pupil 
Transportation cost 
per pupil 
Administrative cost 
per pupil 
Facility cost per 
pupil 
Student 
Achievement 
Output 
Percentage of 
students 
scoring above 
600 oniTBS 
math and/ or 
English 
College 
attendance 
Voter 
participation 
Endogenous 
School Factors 
Average class 
SIZe 
Teacher per aide 
Teacher 
education level 
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Exogenous Community 
Factors 
Percent parents with 
some college or degree 
Teacher School district median 
experience level mcome 
Percent of 
license variances 
within district 
Percent of 1st 
year teachers 
Student Teacher 
ratio 
Days of school 
per pupil 
Student : teacher 
ratio 
Percent school district 
families at and or below 
poverty level 
Local composite index 
Reference 
Kim, D.Y., Zabel, J. E., Stiefel, L., 
Schwartz, A.E. (2006). School 
efficiency and student subgroups: Is 
a good school for everyone? 
Peabody Journal of Education, 81 
(4), 95- 117. 
Financial or 
Resource Input 
Non-teacher 
expenditure per 
pupil 
Teacher: pupil ratio 
Lockwood, R. E., & McLean, J. E. Cost per student 
(1993, November). Educational 
funding and student achievement: 
You be the judge. Paper presented at 
the Annual Meeting of the Mid-
Student 
Achievement 
Output 
Standardized 
test scores 4th 
and 11th grade 
Standardized 
test scores: 
Math and 
English 
Stanford 
Achievement 
Test: Basic 
battery, 
Reading, math, 
Endogenous 
School Factors 
Average teacher 
salary 
School size 
Grades served by 
school 
Percentage of 
licensed teachers 
Percentage of 
teachers with > 
5 years 
expenence 
Percentage of 
teachers> 2 
years of service 
at school 
Percentage of 
teachers with 
master's degree 
or higher 
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Exogenous Community 
Factors 
Percentage of students: 
Eligible ofr free& 
reduced lunch, female, 
Black, Hispanic, 
Asian/other, resource 
room, immigrants, 
special education, 
English proficiency 
levels 
Reference 
South Educational Research 
Association, New Orleans. 
Loeb, S. & Strunk, K. (2007). 
Accountability and Local Control: 
Response to Incentives with and 
without Authority over Resource 
Generation and Allocation. 
Education Finance and Policy 2(1), 
10-39. 
( doi: 1 0.1162/edfp.2007 .2.1.1 0) 
Neymotin, F. (2009)* 
Financial or 
Resource Input 
Cost per pupil 
Instructional cost 
per pupil 
Cost per student 
Student 
Achievement 
Output 
and Language 
for 4h and 8th 
grade 
NAEP: Math 
in 4th, 8th and 
1th grade. 
Endogenous 
School Factors 
Teacher base 
salary 
Graduation rate District size 
Proficiency Number of full 
rates on math time teachers 
standardized 
tests in grades Student teacher 
4, 7, 10 and in ratio 
English in 
grades 5, 8 and 
11 
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Exogenous Community 
Factors 
State population 
Percentage of population: 
black, Hispanic 
Accountability measure 
Local control measure 
Dropout rate 
Percentage of students 
eligible for free and 
reduced lunch 
Percentage of children in 
poverty 
Median family income 
Percentage of males in 
labor force 
Percentage of females in 
labor force 
Percentage of community 
with college degree, 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In2ut Output School Factors Factors 
associates degree, HS 
graduates, some high 
school, some middle I 
elementary school 
Nyhan, R. C. & Alkadry, M. G. Cost per student Standardized Class size Percentage of students: 
(1999). The impact of school tests in math, poverty, minority 
resources on student achievement reading, and 
test scores. Journal of Education writing inK-
Finance, 25, 211-228. 12th grades 
Palardy, J. & Nesbit, T. (2007)* Teaching cost per Standardized Charter vs. non- Percent of minorities 
student test scores charter 
Administrative cost Average teacher 
per student salary 
Supplies cost per Average years of 
student expenence 
Percentage of 
teachers with 
advanced 
degrees 
Primont, D. F. & Domazlicky, B. ( Standardizedte Percent of students: 
2006). Student achievement and sts in eligible for free or 
efficiency in Missouri schools and communication reduced lunch, with 
the arts, Science parents in professional 
No Child Left Behind Act. and reading. occupation, minority, 
Economics of Education Review, 2 5, English language 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In~ut Output School Factors Factors 
77-90. learners 
Urbani city 
Mobility 
Suspensions per 1 00 
students 
Rassouli - Currier (2002) Instructional cost Standardized District size Percentage of students: 
per student test scores eligible for free or 
(lowaiTBS Average teacher reduced lunch, non-
Other costs per and CRT) for salary caucasian students 
student grades 3, 7, 8 
and 11. Percentage of 
staff with 
advanced degree 
Average number 
years of teacher 
expenence 
Ray (1991) Math, language Students per: Percentage of population 
arts, writing, teacher, support with college education 
and reading staff, 
score per pupil administration Per capita income 
Median value of housing 
Percentage of minorities 
Percentage of students on 
Reference 
Rolle, (2000)* 
Financial or 
Resource Input 
Total cost for 
education 
Grant money 
received 
Cost of average 
teachers' salaries 
Dept service 
expenditure 
Captial expenditures 
Instructional 
expenditures 
Community service 
expenditures 
Certified salaries 
expenditures 
Employment 
benefits 
Student 
Achievement 
Output 
Graduation rate 
Endogenous 
School Factors 
School size 
Summer school 
SlZe 
Number of 
teachers 
Average years of 
teacher 
expenence 
Average of 
teachers 
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Exogenous Community 
Factors 
welfare 
Percentage of families 
below poverty line 
Single-parent families 
District type: regular, 
special education, 
vocational, and 
cooperative 
City type: metropolitan, 
suburban, town and rural 
Percentage of students: 
Asian, Black, Hispanic, 
Native American, and 
white 
Median family income 
Percent of population 
under age 18 without HS 
diploma 
Number of single parent 
households 
Reference 
Rolle, A. (2003). Getting the 
biggest bang for the educational 
buck: An empirical analysis of 
public school corporations as 
budget-maximizing bureaus. In W. 
J. Fowler (Ed.) Developments in 
School Finance, 2001-02. Fiscal 
Proceedings from the Annual State 
Data Conferences of July 2001 and 
July 2002. Retrieved from the 
National Center for Education 
Statistics website: 
http://nces.ed.gov/pubs2003/200340 
3.pdf. 
Ruggiero, (1996) 
Salmon,(20 1 0) 
Financial or 
Resource Input 
expenditures 
Services 
expenditures 
Supplies 
expenditures 
Cost per student 
Teacher salary cost 
Instructional costs 
Student 
Achievement 
Output 
Endogenous 
School Factors 
Graduation rate District size 
Remediation 
rate 
School Quality 
Math and 
social studies 
test scores 
Student : teacher 
ratio 
Resources costs Drop-out rate 
Total cost per pupil 
Local, state, federal 
funding per student 
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Exogenous Community 
Factors 
Composite: family 
income and educational 
attainment 
Composite: single parent 
families and race 
Portion of adults with 
college education 
Personal income 
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Student 
Financial or Achievement Endogenous Exogenous Community 
Reference Resource In2ut Output School Factors Factors 
Stevens, C. A. (2006)* Cost per pupil Standardized Average teacher 
math test salary 
Percentage of cost 
of: bilingual I Standardized Student: teacher 
English language reading test ratio 
learner, 
compensatory Graduation rate Teacher turnover 
education, regular rate 
education, special SAT score 
education, central 
administration, ACT score 
campus leadership, 
gifted and talented, Number of 
students taking 
SAT and ACT 
Tuttle, L. (2008)* Cost per pupil Average math 
and English 
pass rate 
Walters, J. J. (2006)* Average Teacher Minnesota Percentage of students 
salary state test for Student : teacher eligible 
Math for ratio 
Instructional salaries grades 4 and 8 
per pupil School size 
Minnesota 
Transportation cost state test for 
per student English grades 
4 and 7 
Yeh, S. S. (2010). The cost Cost of program per Standardized Rapid 
effectiveness of 22 approaches for student tests in assessment 
raising student achievement. Reading and 
Reference 
Journal of Education Finance, 
Volume, 36(1), 38-7, doi: 
1 0.1353/jef.0.0029 
Financial or 
Resource Input 
Student 
Achievement 
Output 
Math 
Endogenous 
School Factors 
Comprehensive 
school reform 
Cross-age 
tutoring 
Computer aided 
instructions 
Longer school 
day 
Teacher 
education 
Teacher 
expenence 
Teacher salary 
Summer school 
Rigorous math 
classes 
Value-added 
teacher 
assessment 
Class size 
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Exogenous Community 
Factors 
Reference 
Financial or 
Resource Input 
Student 
Achievement 
Output 
Endogenous 
School Factors 
reduction 
10% increase in 
spending 
Full day 
kindergarten 
Head start 
High standards 
exit exam 
National Board 
Teacher 
Certification 
Higher licensure 
test scores 
Perry preschool 
Abecedarian 
preschool 
Additional 
school year 
Voucher 
programs 
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Exogenous Community 
Factors 
Reference 
Financial or 
Resource Input 
Student 
Achievement 
Output 
Endogenous 
School Factors 
Charter schools 
Note: References noted with an asterisk(*) are found in the references section of this study. 
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Exogenous Community 
Factors 
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Virginia Standards of Quality Funding Formula 
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Appendix B 
Virginia Standards of Quality Funding Formula (Dickey, 2009) 
1. Basic Aid 
[(Per Pupil Amount x Adjusted ADM)- Sales Tax) x (1- Composite Index)]= State 
Share 
2. Career & Technical Education 
[(Per Pupil Amount x Unadjusted ADM) x (1- Composite Index)]= State Share 
3. English as a Second Language 
[(Seventeen teachers per 1,000 ESL students x Average salary & fringe benefits) x (!-
Composite Index)]= State Share 
4. Gifted Education 
[(Per Pupil Amount x Adjusted ADM) x (1- Composite Index)]= State Share 
5. Group Life 
[(Per Pupil Amount x Adjusted ADM) x (1- Composite Index)]= State Share 
6. Prevention, Intervention, & Remediation 
[(Per Pupil Amount x Unadjusted ADM) x (1- Composite Index)]= State Share 
7. Remedial Summer School 
[(Per Pupil Amount x Eligible Number of Students) x (1 -Composite Index)] = State 
Share 
8. Sales Tax 
[(School division's triennial Census count /Statewide total school-age population from 
triennial census) x Total State 1-1/8% sales tax estimate]= Local Distribution 
9. Social Security 
((Per Pupil Amount x Adjusted ADM) x (1- Composite Index))= State Share 
10. Special Education 
[(Per Pupil Amount x Unadjusted ADM) x (1 -Composite Index)] = State Share 
11. Textbooks 
[(Per Pupil Amount x Adjusted ADM) x (1- Composite Index)]= State Share 
12. VRS Retirement 
[(Per Pupil Amount x Adjusted ADM) x (1- Composite Index)]= State Share 
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Appendix C 
Virginia Local Composite Index Formula (Dickey, 2009) 
ADM Component = 
Local True Value of Prope~ Local Adjusted Gross Income Local Taxable Retail Sales 
Local ADM Local ADM Local ADM 
.5 +.4 + .1 
State True Value of Property State Adjusted Gross Income State Taxable Retail Sales 
State ADM State ADM State ADM 
Population Component = 
Local True Value of Property Local Adjusted Gross Income Local Taxable Retail Sales 
Local Population Local Population Local Population 
.5 +.4 + .1 
State True Value of Property State Adjusted Gross Income State Taxable Retail Sales 
State Population State Population State Population 
ADM = average daily membership (i.e., student attendance) 
131 
AppendixD 
Factor Analyses of SOL Gain Scores for 5th Grade Math and English-reading, 8th Grade 
Math and English-reading, Algebra and 11th Grade English-reading, 2003 - 2004 to 2008 
-2009 
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AppendixD 
Factor Analyses of SOL Gain Scores for 5th Grade Math and English-Reading, 8th Grade 
Math and English-reading, Algebra and 1 th Grade English-reading, 2003 - 2004 to 
2008-2009 
Table 1 
Kaiser Criterion Extraction of SOL Gain Scores for 5th Grade Math and English-
Reading, 8th Grade Math and English-reading, Algebra and 1 th Grade English-reading, 
2003 - 2004 to 2008 - 2009 
Year Components Component Component Component Component 1 2 3 4 
SOL Gain Score 
.864 5th Grade Math 
SOL Gain Score 
.866 8th Math 
SOL Gain Score 
.804 Algebra 
2003 SOL Gain Score 
5th Grade .856 
2004 English-Reading 
SOL Gain Score 
8th Grade .869 
English-Reading 
SOL Gain Score 
11th Grade -.713 
English-Reading 
SOL Gain Score 
.837 5th Grade Math 
SOL Gain Score 
.836 8th Math 
SOL Gain Score 
.850 Alegbra 
2004 SOL Gain Score 
5th Grade .734 
2005 English-Reading 
SOL Gain Score 
8th Grade .800 
English-Reading 
SOL Gain Score 
11th Grade .753 
English-Reading 
SOL Gain Score 
.854 5th Grade Math 
2005 
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Year Components Component Component Component Component 1 2 3 4 
2006 SOL Gain Score 
.855 8th Math 
SOL Gain Score 
.901 Alegbra 
SOL Gain Score 
5th Grade .820 
English-Reading 
SOL Gain Score 
8th Grade .856 
English-Reading 
SOL Gain Score 
11th Grade .437 
English-Reading 
SOL Gain Score 
.770 5th Grade Math 
SOL Gain Score 
.795 8th Math 
SOL Gain Score 
Algebra 
2006 SOL Gain Score 
5th Grade .792 
2007 English-Reading 
SOL Gain Score 
8th Grade .822 
English-Reading 
SOL Gain Score 
lith Grade .541 
English-Reading 
SOL Gain Score 
.889 5th Grade Math 
SOL Gain Score 
.809 8th Math 
SOL Gain Score 
.739 Alegbra 
2007 SOL Gain Score 
5th Grade .892 
2008 English-Reading 
SOL Gain Score 
8th Grade .819 
English-Reading 
SOL Gain Score 
11th Grade .808 
English-Reading 
2008 SOL Gain Score 
.847 
Year 
2009 
Components 
5th Grade Math 
SOL Gain Score 
8th Math 
SOL Gain Score 
Alegbra 
SOL Gain Score 
5th Grade 
English-Reading 
SOL Gain Score 
8th Grade 
English-Reading 
SOL Gain Score 
Component Component 
1 2 
.847 
.675 
-.590 
.822 
.758 
11th Grade .508 
English-Reading 
Note. Only factor loadings >.4 are shown. 
Component 
3 
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Component 
4 
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Table 2 
Three Fixed Component Extraction of SOL Gain Scores for 5th Grade Math and English-
Reading, 8th Grade Math and English-reading, Algebra and Jfh Grade English-reading, 
2003 - 2004 to 2008- 2009 
Year Components Component Component Component 1 2 3 
SOL Gain Score 5th Grade Math 
.864 
SOL Gain Score 8th Math 
.866 
SOL Gain Score Algebra 
.804 
2003 SOL Gain Score 5th Grade 
English-Reading .856 
2004 SOL Gain Score 8th Grade 
English-Reading .869 
SOL Gain Score 11th Grade 
-.713 English-Reading 
SOL Gain Score 5th Grade Math .837 
SOL Gain Score 8th Math 
.836 
SOL Gain Score Algebra .850 
2004 SOL Gain Score 5th Grade 
English-Reading .734 
2005 SOL Gain Score 8th Grade 
English-Reading .800 
SOL Gain Score 11th Grade 
.753 English-Reading 
SOL Gain Score 5th Grade Math .854 
SOL Gain Score 8th Math .855 
SOL Gain Score Algebra .901 
2005 SOL Gain Score 5th Grade 
.820 English-Reading 
2006 SOL Gain Score 8th Grade 
.856 English-Reading 
SOL Gain Score 11th Grade 
.437 English-Reading 
SOL Gain Score 5th Grade Math 
.751 
SOL Gain Score 8th Math 
.784 
SOL Gain Score Algebra .967 
2006 SOL Gain Score 5th Grade 
English-Reading .827 
2007 SOL Gain Score 8th Grade 
English-Reading .822 
SOL Gain Score 11th Grade 
.559 English-Reading 
2007 SOL Gain Score 5th Grade Math .889 
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Year Components Component Component Component 1 2 3 
SOL Gain Score 8th Math 
.809 
2008 SOL Gain Score Algebra 
.739 
SOL Gain Score 5th Grade 
.892 English-Reading 
SOL Gain Score 8th Grade 
.819 English-Reading 
SOL Gain Score 11th Grade 
.808 English-Reading 
SOL Gain Score 5th Grade Math 
.863 
SOL Gain Score 8th Math 
.834 
SOL Gain Score Algebra 
-.744 
2008 SOL Gain Score 5th Grade 
English-Reading .837 
2009 SOL Gain Score 8th Grade 
English-Reading .770 
SOL Gain Score 11th Grade 
.757 English-Reading 
Note. Only factor loadings >.4 are shown. 
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Table 3 
Four Fixed Factor Extraction of SOL Gain Pass Rate for 5th Grade Math and English-
Reading, 8th Grade Math and English-reading, Algebra and 1 fh Grade English-reading, 
2003 - 2004 to 2008 - 2009 
Year Components Component Component Component Component 1 2 3 4 
SOL Gain Pass Rate 
.892 5th Grade Math 
SOL Gain Pass Rate 
.871 8th Math 
SOL Gain Pass Rate 
.991 Algebra 
2003 SOL Gain Pass Rate 
5th Grade English- .839 
2004 Reading 
SOL Gain Pass Rate 
8th Grade English- .875 
Reading 
SOL Gain Pass Rate 
11th Grade English- .976 
Reading 
SOL Gain Pass Rate 
.931 5th Grade Math 
SOL Gain Pass Rate 
.838 8th Math 
SOL Gain Pass Rate 
.831 Algebra 
2004 SOL Gain Pass Rate 
5th Grade English- .952 
2005 Reading 
SOL Gain Pass Rate 
8th Grade English- .799 
Reading 
SOL Gain Pass Rate 
11th Grade English- .791 
Reading 
2005 SOL Gain Pass Rate 
.805 5th Grade Math 
2006 SOL Gain Pass Rate 
.864 8th Math 
SOL Gain Pass Rate 
.996 Algebra 
SOL Gain Pass Rate 
5th Grade English- .878 
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Year Components Component Component Component Component 1 2 3 4 
Reading 
SOL Gain Pass Rate 
8th Grade English- .864 
Reading 
SOL Gain Pass Rate 
11th Grade English- .949 
Reading 
SOL Gain Pass Rate 
.864 5th Grade Math 
SOL Gain Pass Rate 
.872 8th Math 
SOL Gain Pass Rate 
.994 Algebra 
2006 SOL Gain Pass Rate 
5th Grade English- .771 
2007 Reading 
SOL Gain Pass Rate 
8th Grade English- .812 
Reading 
SOL Gain Pass Rate 
11th Grade English- .951 
Reading 
SOL Gain Pass Rate 
.884 5th Grade Math 
SOL Gain Pass Rate 
.859 8th Math 
SOL Gain Pass Rate 
.976 Algebra 
2007 SOL Gain Pass Rate 
5th Grade English- .902 
2008 Reading 
SOL Gain Pass Rate 
8th Grade English- .804 
Reading 
SOL Gain Pass Rate 
11th Grade English- .984 
Reading 
2008 SOL Gain Pass Rate 
.818 5th Grade Math 
2009 SOL Gain Pass Rate 
.759 8th Math 
SOL Gain Pass Rate 
.935 Algebra 
SOL Gain Pass Rate 
.888 
Year Components 
5th Grade English-
Reading 
SOL Gain Pass Rate 
8th Grade English-
Reading 
SOL Gain Pass Rate 
11th Grade English-
Reading 
Component 
1 
Note. Only factor loadings >.4 are shown. 
Component 
2 
.840 
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Component Component 
3 4 
.880 
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Table 4 
Cumulative Percentage of Explained Variance for Three Extraction Models, Gain Pass 
Rates 2003-2004 to 2008 - 2009 
School Year 
2003-2004 
2004-2005 
2005-2006 
2006-2007 
2007-2008 
2008-2009 
Cumulative Percentage of Explained Variance 
Kaiser Criterion Three Fixed Factor Four Fixed Factor 
Extraction Extraction Extraction 
72.491 72.491 85.036 
68.589 68.589 81.996 
69.504 69.504 84.163 
50.850 67.293 81.302 
71.786 71.786 83.634 
53.137 69.776 83.282 
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Multiple Regression Analyses of SOL Gain Pass Rate and Inflation Adjusted 
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Appendix E 
Multiple Regression Analyses of SOL Gain Pass Rate and Inflation Adjusted 
Instructional Cost Per Pupil 
Table 1 
Multiple Regression Analyses of SOL Gain Pass Rate 
Student 
Year Achievement Regression Regression 
Category df Residual df F Value MSE Significance 
2003 
5th Grade 
2004 Achievement 8 123 1.245 47.499 .279 
2003 
8th Grade 
2004 Achievement 8 123 1.297 51.062 .251 
2003 
2004 Algebra 8 123 1.157 74.905 .331 
2003 
11th Grade 
2004 English-Reading 8 122 24.519 .850 .561 
2004 
5th Grade 
2005 Achievement 8 123 1.896 52.110 .066 
2004 
8th Grade 
2005 Achievement 8 123 1.544 26.652 .149 
2004 
2005 Algebra 8 123 .990 52.675 .447 
2004 
11th Grade 
2005 English-Reading 8 122 .761 22.548 .638 
2005 
5th Grade 
2006 Achievement 8 123 1.625 46.812 .124 
2005 
8th Grade 
2006 Achievement 8 123 1.610 100.29 .128 
2005 
2006 Algebra 8 123 .578 22.739 .794 
2005 11th Grade 8 122 1.137 27.577 .343 
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English-Reading 
2006 
2006 
5th Grade 
2007 Achievement 8 123 1.612 41.136 .128 
2006 
8th Grade 
2007 Achievement 8 123 .524 28.273 .837 
2006 
2007 Algebra 8 123 1.281 38.635 .259 
2006 
11th Grade 
2007 English-Reading 8 122 .890 11.525 .527 
2007 
5th Grade 
2008 Achievement 8 123 1.793 45.269 .085 
2007 
8th Grade 
2008 Achievement 8 122 1.389 55.225 .208 
2007 
2008 Algebra 8 123 1.083 25.086 .380 
2007 
11th Grade 
2008 English-Reading 8 122 .268 2.247 .975 
2008 
5th Grade 
2009 Achievement 8 123 1.832 32.076 .077 
2008 
8th Grade 
2009 Achievement 8 121 .861 34.055 .552 
2008 
2009 Algebra 8 123 1.418 20.243 .195 
2008 
11th Grade 
2009 English-Reading 8 122 1.101 7.781 .367 
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Table 2 
Multiple Regression Analyses of Inflation Adjusted Instructional Cost Per Pupil 
Regression 
Regression Residual F 
Year df df Value MSE Significance 
2003-2004 8 123 113.467 1.043 .000 
2004-2005 8 123 104.728 1.366 .000 
2005-2006 8 123 119.817 1.888 .000 
2006-2007 8 123 74.497 2.430 .000 
2007-2008 8 123 118.000 2.837 .000 
2008-2009 8 123 99.293 2.660 .000 
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Factor Analyses of SOL Scores for 5th Grade Math and English-reading, 8th Grade Math 
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2009 
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Appendix F 
Factor Analyses of SOL Scores for 5th Grade Math and English-reading, 8th Grade Math 
and English-reading, Algebra and 1 th Grade English-reading, 2003 - 2004 to 2008 -
2009 
Table 1 
Kaiser Criterion Extraction of SOL Pass Rates for 5th Grade Math and English-Reading, 
8th Grade Math and English-Reading, Algebra and 1 th Grade English-Reading, 2003 -
2004 to 2008- 2009 
Year Components Component Component 1 2 
SOL 5th Grade Math Pass Rate 
.708 
SOL 8th Grade Math Pass Rate 
.785 
2003 SOL Algebra Pass Rate 
.684 
2004 SOL 5th Grade English-Reading Pass Rate .780 
SOL 8th Grade English-Reading Pass Rate 
.854 
SOL 11th Grade English-Reading Pass Rate 
.781 
SOL 5th Grade Math Pass Rate 
.744 
SOL 8th Grade Math Pass Rate 
.814 
2004 SOL Algebra Pass Rate 
.654 
2005 SOL 5th Grade English-Reading Pass Rate .809 
SOL 8th Grade English-Reading Pass Rate 
.816 
SOL 11th Grade English-Reading Pass Rate .650 
SOL 5th Grade Math Pass Rate .735 
2005 SOL 8th Grade Math Pass Rate .778 SOL Algebra Pass Rate .680 
2006 SOL 5th Grade English-Reading Pass Rate .779 SOL 8th Grade English-Reading Pass Rate .764 
SOL 11th Grade English-Reading Pass Rate .710 
SOL 5th Grade Math Pass Rate .908 
2006 SOL 8th Grade Math Pass Rate .782 SOL Algebra Pass Rate .708 
2007 SOL 5th Grade English-Reading Pass Rate .762 SOL 8th Grade English-Reading Pass Rate .902 
SOL 11th Grade English-Reading Pass Rate .745 
SOL 5th Grade Math Pass Rate .900 
2007 SOL 8th Grade Math Pass Rate .715 SOL Algebra Pass Rate .713 
2008 SOL 5th Grade English-Reading Pass Rate .862 SOL 8th Grade English-Reading Pass Rate .822 
SOL 11th Grade English-Reading Pass Rate .549 .422 
Year 
2008 
2009 
Components 
SOL 5th Grade Math Pass Rate 
SOL 8th Grade Math Pass Rate 
SOL Algebra Pass Rate 
SOL 5th Grade English-Reading Pass Rate 
SOL 8th Grade English-Reading Pass Rate 
SOL 11th Grade English-Reading Pass Rate 
Note. Only factor loadings >.4 are shown. 
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Component Component 
.783 
.744 
.791 
.632 
1 2 
.917 
.894 
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Table 2 
Three Fixed Component Extraction of SOL Pass Rates for 5th Grade Math and English-
Reading, 8th Grade Math and English-reading, Algebra and 1 fh Grade English-reading, 
2003 - 2004 to 2008 - 2009 
Component Component Component 
Year ComQonents 1 2 3 
SOL 5th Grade Math Pass Rate 
.910 
SOL 8th Grade Math Pass Rate 
.910 
SOL Algebra Pass Rate 
.878 
2003 SOL 5th Grade English-Reading 
Pass Rate .849. 
2004 SOL 8th Grade English-Reading 
Pass Rate .800 
SOL 11th Grade English-Reading 
Pass Rate .809 
SOL 5th Grade Math Pass Rate 
.916 
SOL 8th Grade Math Pass Rate 
.866 
SOL Algebra Pass Rate 
.825 
2004 SOL 5th Grade English-Reading 
Pass Rate .839 
2005 SOL 8th Grade English-Reading 
Pass Rate .888 
SOL 11th Grade English-Reading 
Pass Rate .821 
SOL 5th Grade Math Pass Rate .889 
SOL 8th Grade Math Pass Rate .830 
SOL Algebra Pass Rate .876 
2005 SOL 5th Grade English-Reading 
Pass Rate .864 
2006 SOL 8th Grade English-Reading 
Pass Rate .847 
SOL 11th Grade English-Reading 
Pass Rate .597 
SOL 5th Grade Math Pass Rate .832 
SOL 8th Grade Math Pass Rate .771 
SOL Algebra Pass Rate .893 
2006 SOL 5th Grade English-Reading 
Pass Rate .888 
2007 SOL 8th Grade English-Reading 
Pass Rate .899 
SOL 11th Grade English-Reading 
Pass Rate .723 .452 
SOL 5th Grade Math Pass Rate .902 
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Component Component Component 
Year Com_Qonents 1 2 3 
SOL 5th Grade Math Pass Rate .902 
SOL 8th Grade Math Pass Rate .946 
SOL Algebra Pass Rate .896 
2007 SOL 5th Grade English-Reading 
Pass Rate .852 
2008 SOL 8th Grade English-Reading 
Pass Rate .745 .427 
SOL 11th Grade English-Reading 
Pass Rate .442 .570 
SOL 5th Grade Math Pass Rate 
.912 
SOL 8th Grade Math Pass Rate 
.887 
SOL Algebra Pass Rate 
.788 
2008 SOL 5th Grade English-Reading 
Pass Rate .866 
2009 SOL 8th Grade English-Reading 
Pass Rate .810 
SOL 11th Grade English-Reading 
Pass Rate .781 
Note. Only factor loadings >.4 are shown. 
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Table 3 
Four Fixed Factor Extraction of SOL Gain Pass Rates for 5th Grade Math and English-
Reading, 8th Grade Math and English-Reading, Algebra and 11th Grade English-Reading, 
2003 - 2004 to 2008 - 2009 
Component Component Component Component 
Year ComQonents 1 2 3 4 
SOL 5th Grade Math 
Pass Rate .909 
SOL 8th Grade Math 
Pass Rate .905 .440 
2003 SOL Algebra Pass Rate .915 
SOL 5th Grade English-
2004 Reading Pass Rate .854 .795 
SOL 8th Grade English-
Reading Pass Rate 
SOL 11th Grade 
English-Reading Pass 
Rate .860 
SOL 5th Grade Math 
Pass Rate .918 
SOL 8th Grade Math 
Pass Rate .874 
2004 SOL Algebra Pass Rate 
SOL 5th Grade English-
2005 Reading Pass Rate .842 
SOL 8th Grade English-
Reading Pass Rate .886 
SOL 11th Grade 
English-Reading Pass 
Rate .933 .932 
SOL 5th Grade Math 
Pass Rate .893 
SOL 8th Grade Math 
Pass Rate .885 
2005 SOL Algebra Pass Rate .928 SOL 5th Grade English-
2006 Reading Pass Rate .871 SOL 8th Grade English-
Reading Pass Rate .780 
SOL 11th Grade 
English-Reading Pass 
Rate .911 
2006 SOL 5th Grade Math Pass Rate .859 
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Component Component Component Component 
Year Com_Qonents 1 2 3 4 
SOL 8th Grade Math 
2007 Pass Rate .865 
SOL Algebra Pass Rate .925 
SOL 5th Grade English-
Reading Pass Rate .880 
SOL 8th Grade English-
Reading Pass Rate .817 
SOL 11th Grade 
English-Reading Pass 
Rate .912 
SOL 5th Grade Math 
Pass Rate .913 
SOL 8th Grade Math 
Pass Rate .951 
2007 SOL Algebra Pass Rate .978 SOL 5th Grade English-
2008 Reading Pass Rate .857 SOL 8th Grade English-
Reading Pass Rate .709 .499 
SOL 11th Grade 
English-Reading Pass 
Rate .943 
SOL 5th Grade Math 
Pass Rate .932 
SOL 8th Grade Math 
Pass Rate .866 
2008 
SOL Algebra Pass Rate 
.952 
SOL 5th Grade English-
2009 Reading Pass Rate .872 
SOL 8th Grade English-
Reading Pass Rate .825 
SOL 11th Grade 
English-Reading Pass 
Rate .936 
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Table 4 
Cumulative Percentage of Explained Variance for Three Extraction Models, SOL Pass 
Rates, 2003 - 2004 to 2008 - 2009 
School Year 
2003-2004 
2004-2005 
2005-2006 
2006-2007 
2007-2008 
2008-2009 
Cumulative Percentage of Explained Variance 
Kaiser Criterion Three Fixed Factor Four Fixed Factor 
Extraction 
58.923 
56.470 
55.025 
70.784 
66.080 
68.424 
Extraction 
86.152 
84.459 
83.078 
82.530 
79.244 
79.855 
Extraction 
92.580 
92.862 
90.847 
91.021 
90.655 
90.120 
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AppendixG 
Multiple Regression Analyses of SOL Pass Rate and Inflation Adjusted Instructional 
Cost Per Pupil 
Table 1 
Multiple Regression Analyses of SOL Pass Rate 
Student 
Year Achievement Regression Regression 
Category df Residual df F Value MSE Significance 
2003 
5th Grade 
2004 Achievement 8 123 9.456 1976 .000 
2003 
8th Grade 
2004 Achievement 8 123 14.209 2887 .000 
2003 
2004 Algebra 8 123 2.746 205 .008 
2003 
11th Grade 
2004 English-Reading 8 122 5.507 137 .000 
2004 
5th Grade 
2005 Achievement 8 123 5.478 1114 .000 
2004 
8th Grade 
2005 Achievement 8 123 13.245 2190 .000 
2004 
2005 Algebra 8 123 1.645 90 .119 
2004 
11th Grade 
2005 English-Reading 8 123 3.439 85 .001 
2005 
5th Grade 
2006 Achievement 8 123 3.943 801 .000 
2005 
8th Grade 
2006 Achievement 8 123 5.293 1479 .000 
2005 
2006 Algebra 8 123 1.854 85 .073 
2005 11 Grade 
English-Reading 8 122 2.961 54 .005 
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2006 
2006 
5th Grade 
2007 Achievement 8 123 3.671 492 .001 
2006 
gth Grade 
2007 Achievement 8 123 4.961 1157 .000 
2006 
2007 Algebra 8 123 1.884 61 .068 
2006 
11th Grade 
2007 English-Reading 8 123 3.360 36 .002 
2007 
5th Grade 
2008 Achievement 8 123 4.162 383 .000 
2007 
8th Grade 
2008 Achievement 8 123 5.118 1376 .000 
2007 
2008 Algebra 8 123 .952 19 .477 
2007 
11th Grade 
2008 English-Reading 8 122 4.416 35 .000 
2008 
5th Grade 
2009 Achievement 8 123 4.148 326 .000 
2008 
8th Grade 
2009 Achievement 8 121 4.339 791 .000 
2008-
2009 Algebra 8 123 2.478 38 .016 
2008 
11th Grade 
2009 English-Reading 8 122 5.753 41 .000 
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AppendixH 
ROI and MQA Annual Efficiency of 5th Grade Achievement, 8th Grade Achievement, and 
11th Grade English-reading and Percentages in Virginia School Divisions in School Years 
2003-2004 to 2008-2009 
Table 1 
ROI Annual Efficiency of 5th Grade Achievement, 8th Grade Achievement, and 1 th Grade 
English-Reading and Percentages in Virginia School Divisions in School Years 2003-
2004 to 2008-2009 
Annual Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Thornton 
Thompson 
Sylvania 
Susannah 
Sterling • • • 
Starling • 
Stanford • • • 
Sherwood 
Shepherd 
Shedrick 
Wilfredo • • • 
Waldemar • 
Victoria 
Valencia 
Trinidad 
Scarlett 
Savannah 
Santiago 
Salvador • • 
Rosamond • 
Rosalind 
Roderick 
Rochelle • • • 
Roche 
Reynolds 
Rayfield • • • 
Randolph • 
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Annual Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Prudence 
Pasquale 
Octavius 
Norberto • • 
Nathalia 
Napoleon • • 
Mortimer 
Montrell 
Mitchell • • 
Melville 
Mckinley 
Mckenzie 
Mcarthur 
Maybelle • • 
Maverick • 
Mauricio 
Matthias • • 
Yessenia 
Winthrop 
Williard • • 
Williams • • 
Tremaine 
Thurston • 
Thorwald 
Gerhardt 
Genoveva 
Garrison 
Garfield 
Fredrick • • • 
Florence 
Fletcher • • 
Finnegan • • 
Everette 
Elsworth 
Ebenezer 
Domenico 
Demarion • • • 
Demarcus 
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Annual Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Delphine 
Deforest 
Crockett • 
Crawford 
Cordelia 
Cordelia 
Chrystal 
Cheyenne • • 
Chauncey 
Chandler 
Marisela 
Margaret • 
Marcello • 
Magnolia • 
Maddison 
Lorraine 
Leighton • • • 
Lawrence 
Ladarius 
Kingston 
Kendrick 
Katarina 
Kasandra • • 
Juliette • • • 
Julianne • 
Jeramiah • • • 
Jennings 
Jefferey • • • 
Jacqulyn • • • 
Isabella 
Ingeborg • • 
Immanuel 
Hilliard • • • 
Hezekiah 
Herschel • • • 
Henretta • 
Hay leigh 
Hartwell 
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Annual Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Harrison • • 
Hansford 
Hamilton • 
Guilford 
Griffith 
Glenwood • • 
Glendora 
Coolidge • • • 
Concetta • 
Columbus 
Algernon 
Adolphus 
Adelaide • • 
Adamaris 
Abbigail 
Columbia 
Chalmers 
Chadwick • • • 
Catalina 
Carlisle • • • 
Carleton • • 
Cardnial 
Caldonia 
Bradford • 
Bertrand 
Augustus 
Armstead 
Araminta 
Anderson • • • 
Percentage of School 25.8 25.0 27.5 Divisions 
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Table 2 
MQA Annual Efficiency of 5th Grade Achievement, 8th Grade Achievement, and 1 fh 
Grade English-Reading and Percentages in Virginia School Divisions in School Years 
2003-2004 to 2008-2009 
Annual Educational Efficiency Year 
Virginia School Division Level 5th Division Level 8th Division Level 11th Division Pseudonym Grade Grade Achievement Grade English-Achievement Reading 
Thornton • • • 
Thompson • • • 
Sylvania • • • 
Susannah • • • 
Sterling • • 
Starling • • 
Stanford • • • 
Sherwood • • • 
Shepherd • • • 
Shedrick 
Wilfredo • • 
Waldemar • 
Victoria 
Valencia • • • 
Trinidad • • 
Scarlett • • • 
Savannah • • 
Santiago 
Salvador • • 
Rosamond • 
Rosalind • • • 
Roderick • • 
Rochelle • • • 
Roche 
Reynolds 
Rayfield • • • 
Randolph • 
Prudence 
Pasquale • • • 
Octavius • 
Norberto • 
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Annual Educational Efficiency Year 
Virginia School Division Level 5th Division Level 8th Division Level 11th Division Pseudonym Grade Grade Achievement Grade English-Achievement Reading 
Nathalia • • • 
Napoleon • • • 
Mortimer • • 
Montrell • • • 
Mitchell • • • 
Melville • • • 
Mckinley • 
Mckenzie 
Mcarthur 
Maybelle • • 
Maverick 
Mauricio • • • 
Matthias • • • 
Yessenia • • • 
Winthrop • 
Williard • • 
Williams • 
Tremaine • • 
Thurston • • • 
Thorwald 
Gerhardt • • 
Genoveva 
Garrison • • • 
Garfield • 
Fredrick • • • 
Florence • • 
Fletcher • • • 
Finnegan • • • 
Everette 
Elsworth • • 
Ebenezer • • • 
Domenico • • • 
Demarion • • • 
Demarcus • • • 
Delphine • • • 
Deforest 
Crockett • • 
Crawford 
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Annual Educational Efficiency Year 
Virginia School Division Level 5th Division Level 8th Division Level 11th Division Pseudonym Grade Grade Achievement Grade English-Achievement Reading 
Cordelia • • • 
Cordelia • • • 
Chrystal • • • 
Cheyenne • • • 
Chauncey 
Chandler • • • 
Marisela • • 
Margaret • • 
Marcello • • • 
Magnolia • • • 
Maddison • 
Lorraine • • • 
Leighton 
Lawrence • • 
Ladarius • • • 
Kingston 
Kendrick 
Katarina • • • 
Kasandra • • 
Juliette • • 
Julianne 
Jeramiah • • 
Jennings 
Jefferey • • • 
Jacqulyn • • • 
Isabella • • • 
Ingeborg • 
Immanuel • • 
Hilliard • • • 
Hezekiah • • 
Herschel • 
Henretta • • 
Rayleigh • 
Hartwell 
Harrison 
Hansford 
Hamilton • • • 
Guilford • 
Virginia School 
Division Pseudonym 
Griffith 
Glenwood 
Glendora 
Coolidge 
Concetta 
Columbus 
Algernon 
Adolphus 
Adelaide 
Adamaris 
Abbigail 
Columbia 
Chalmers 
Chadwick 
Catalina 
Carlisle 
Carleton 
Cardnial 
Caldonia 
Bradford 
Bertrand 
Augustus 
Armstead 
Araminta 
Anderson 
Percentage of School 
Divisions 
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Annual Educational Efficiency Year 
Division Level 5th 
Grade 
Achievement 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
55.3 
Division Level 8th 
Grade Achievement 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
64.4 
Division Level 11th 
Grade English-
Reading 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
66.4 
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Appendix I 
Percentage of Divisions in Modified Quadriform Categories by Educational Output, 
2003-2004 to 2008 - 2009 
Table 1 
Percentage of Divisions in Modified Quadriform Categories by Educational Output, 
2003-2004 
Educational Output 
5th Grade Achievement 
8th Grade Achievement 
11th Grade English-
Reading 
Efficient 
21.2 
25.0 
25.2 
Effective 
28.0 
28.0 
27.5 
Inefficient 
22.0 
22.0 
22.1 
Note: Total percentage may not add to 100 due to rounding. 
Table 2 
Ineffective 
28.8 
24.2 
24.4 
Expected 
0.0 
0.8 
0.8 
Percentage of Divisions in Modified Quadriform Categories by Educational Output, 
2004-2005 
Educational Output 
5th Grade Achievement 
8th Grade Achievement 
11th Grade English-
Reading 
Efficient 
30.3 
28.8 
30.5 
Effective 
25.0 
23.5 
22.9 
Inefficient 
21.2 
22.7 
22.9 
Note: Total percentage may not add to 100 due to rounding. 
Table 3 
Ineffective 
23.5 
24.2 
22.1 
Expected 
0.0 
0.8 
1.5 
Percentage of Divisions in Modified Quadriform Categories by Educational Output, 
2005-2006 
Educational Output Efficient Effective Inefficient Ineffective Expected 
5th Grade Achievement 28.0 26.5 23.5 21.2 0.8 
8th Grade Achievement 31.0 25.0 25.0 18.2 0.8 
11th Grade English- 26.7 26.7 22.9 22.9 0.8 
Reading 
Note: Total percentage may not add to 100 due to rounding. 
Table 4 
Percentage of Divisions in Modified Quadriform Categories by Educational Output, 
2006-2007 
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Educational Output Efficient Effective Inefficient Ineffective Ex:Qected 
5tfi Grade Achievement 25.0 28.8 17.4 26.5 2.3 
8th Grade Achievement 25.8 24.2 24.2 25.0 0.8 
11th Grade English- 28.2 26.0 22.1 23.7 0.0 
Reading 
Note: Total percentage may not add to 100 due to rounding. 
Table 5 
Percentage of Divisions in Modified Quadriform Categories by Educational Output, 
2007-2008 
Educational Output Efficient Effective Inefficient Ineffective Ex:eected 
5th Grade Achievement 25.8 20.5 29.5 23.5 0.8 
8th Grade Achievement 23.5 31.1 18.9 25.8 0.8 
11th Grade English- 26.0 26.7 24.4 22.9 0.0 
Reading 
Note: Total percentage may not add to 100 due to rounding. 
Table 6 
Percentage of Divisions in Modified Quadriform Categories, 2008-2009 
Educational Output Efficient Effective Inefficient Ineffective Ex:Qected 
5th Grade Achievement 22.7 28.8 25.8 22.0 0.8 
8th Grade Achievement 26.1 32.3 22.3 18.5 0.8 
11th Grade English- 25.9 24.4 29.0 19.1 1.5 
Reading 
Note: Total percentage may not add to 100 due to rounding. 
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Appendix J 
Residual Scatterplots Showing Relationship between Instructional Cost and 5th 
grade Achievement, 8th Grade Achievement and 11th Grade English-Reading with 
Modified Quadriform Labels, 2003-2004 to 2008- 2009 
Efficient 
• 
-1500 -1000 
• • • • • -20 
• 
-30 
• 
Ineffective 
-40 
-SO 
.. . . 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Effective 
• 
• 
1000 1500 
•• 
• 
Inefficient 
Figure 1. Residual scatterplot showing relationship between instructional cost and 
5th grade achievement with modified quadriform labels, 2003-2004 
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Figure 2. Residual scatterplot showing relationship between instructional cost and 
8th grade achievement with modified quadriform labels, 2003-2004 
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Figure 3. Residual scatterplot showing relationship between instructional cost and 
11th grade English-reading with modified quadriform labels, 2003-2004 
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Figure 4. Residual scatterplot showing relationship between instructional cost and 
5th grade achievement with modified quadriform labels, 2004-2005 
30 
Expected • • • • • 
•• • 
• • • • Effective 
• 
• • 
-1000 5oo: • 1000 1500 
• 
• • • 
• • 
-20 
•• • • • 
• 
-30 • • 
Ineffective 
-40 Inefficient 
• 
-50 
Figure 5. Residual scatterplot showing relationship between instructional cost and 
8th grade achievement with modified quadriform labels, 2004-2005 
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Figure 6. Residual scatterplot showing relationship between instructional cost and 
11th grade English-reading with modified quadriform labels, 2004-2005 
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Figure 7. Residual scatterplot showing relationship between instructional cost and 
5th grade achievement with modified quadriform labels, 2005-2006 
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Figure 8. Residual scatterplot showing relationship between instructional cost and 
8th grade achievement with modified quadriform labels, 2005-2006 
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Figure 9. Residual scatterplot showing relationship between instructional cost and 
11th grade English-reading with modified quadriform labels, 2005-2006 
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Figure 10. Residual scatterplot showing relationship between instructional cost and 
5th grade achievement with modified quadriform labels, 2006-2007 
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Figure 11. Residual scatterplot showing relationship between instructional cost and 
8th grade achievement with modified quadriform labels, 2006-2007 
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Figure 12. Residual scatterplot showing relationship between instructional cost and 
11th grade English-reading with modified quadriform labels, 2006-2007 
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Figure 13. Residual scatterplot showing relationship between instructional cost and 
5th grade achievement with modified quadriform labels, 2007-2008 
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Figure 14. Residual scatterplot showing relationship between instructional cost and 
8th grade achievement with modified quadriform labels, 2007-2008 
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Figure 15. Residual scatterplot showing relationship between instructional cost and 
11th grade English-reading with modified quadriform labels, 2007-2008 
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Figure 16. Residual scatterplot showing relationship between instructional cost and 
Sth grade achievement with modified quadriform labels, 2008-2009 
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Figure 17. Residual scatterplot showing relationship between instructional cost and 
8th grade achievement with modified quadriform labels, 2008-2009 
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Table 1 
ROI Perennial Efficiency of 5th Grade Achievement, 81h Grade Achievement, and 111h 
Grade English-Reading and percentages in Virginia School Divisions in School Years 
2003-2004 to 2008-2009 
Virginia School 
Division Pseudonym 
Thornton 
Thompson 
Sylvania 
Susannah 
Sterling 
Starling 
Stanford 
Sherwood 
Shepherd 
Shedrick 
Wilfredo 
Waldemar 
Victoria 
Valencia 
Trinidad 
Scarlett 
Savannah 
Santiago 
Salvador 
Rosamond 
Rosalind 
Roderick 
Rochelle 
Roche 
Reynolds 
Rayfield 
Randolph 
Division Level 
5th Grade 
Achievement 
• 
• 
• 
• 
• 
• 
Perennial Educational Efficiency 
Division Level Division Level 11th 
8th Grade Grade English-
Achievement Reading 
• 
• • 
• • 
• 
• • 
• • 
• • 
Virginia School 
Division Pseudonym 
Prudence 
Pasquale 
Octavius 
Norberto 
Nathalia 
Napoleon 
Mortimer 
Montrell 
Mitchell 
Melville 
Mckinley 
Mckenzie 
Mcarthur 
Maybelle 
Maverick 
Mauricio 
Matthias 
Yessenia 
Winthrop 
Williard 
Williams 
Tremaine 
Thurston 
Thorwald 
Gerhardt 
Genoveva 
Garrison 
Garfield 
Fredrick 
Florence 
Fletcher 
Finnegan 
Everette 
Elsworth 
Ebenezer 
Domenico 
Demarion 
Demarcus 
Division Level 
5th Grade 
Achievement 
• 
• 
• 
• 
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Perennial Educational Efficiency 
Division Level Division Level 11th 
8th Grade Grade English-
Achievement Reading 
• 
• 
• 
• • 
Virginia School 
Division Pseudonym 
Delphine 
Deforest 
Crockett 
Crawford 
Cordelia 
Cordelia 
Chrystal 
Cheyenne 
Chauncey 
Chandler 
Marisela 
Margaret 
Marcello 
Magnolia 
Maddison 
Lorraine 
Leighton 
Lawrence 
Ladarius 
Kingston 
Kendrick 
Katarina 
Kasandra 
Juliette 
Julianne 
Jeramiah 
Jennings 
Jefferey 
Jacqulyn 
Isabella 
Ingeborg 
Immanuel 
Hilliard 
Hezekiah 
Herschel 
Henretta 
Hay leigh 
Hartwell 
Division Level 
5th Grade 
Achievement 
• 
• 
• 
• 
• 
• 
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Perennial Educational Efficiency 
Division Level Division Level 11th 
8th Grade Grade English-
Achievement Reading 
• 
• 
• • 
• • 
• • 
• • 
• • 
• 
• • 
• 
• 
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Perennial Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Harrison • 
Hansford 
Hamilton 
Guilford 
Griffith 
Glenwood • • 
Glendora 
Coolidge • • 
Concetta 
Columbus 
Algernon 
Adolphus 
Adelaide • 
Adamaris 
Abbigail 
Columbia 
Chalmers 
Chadwick • • 
Catalina 
Carlisle • 
Carleton • • 
Cardnial 
Caldonia 
Bradford 
Bertrand 
Augustus 
Armstead 
Araminta 
Anderson • • • 
Percentage of School 16.7 15.9 16.0 Divisions 
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Table 2 
MQA Perennial Efficiency of 5th Grade Achievement, 8th Grade Achievement, and 1 th 
Grade English-Reading and percentages in Virginia School Divisions in School Years 
2003-2004 to 2008-2009 
Virginia School 
Division Pseudonym 
Thornton 
Thompson 
Sylvania 
Susannah 
Sterling 
Starling 
Stanford 
Sherwood 
Shepherd 
Shedrick 
Wilfredo 
Waldemar 
Victoria 
Valencia 
Trinidad 
Scarlett 
Savannah 
Santiago 
Salvador 
Rosamond 
Rosalind 
Roderick 
Rochelle 
Roche 
Reynolds 
Rayfield 
Randolph 
Prudence 
Pasquale 
Octavius 
Norberto 
Nathalia 
Division Level 
5th Grade 
Achievement 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
Perennial Educational Efficiency 
Division Level Division Level 11th 
8th Grade Grade English-
Achievement Reading 
• 
• • 
• 
• 
• • 
• • 
• • 
• 
• • 
• • 
• 
• • 
• 
• 
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Perennial Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Napoleon • • • 
Mortimer 
Montrell • • 
Mitchell • 
Melville • 
Mckinley 
Mckenzie 
Mcarthur 
Maybelle • • 
Maverick 
Mauricio • 
Matthias • • 
Yessenia 
Winthrop 
Williard 
Williams 
Tremaine 
Thurston • • • 
Thorwald 
Gerhardt 
Genoveva 
Garrison • • • 
Garfield 
Fredrick • • 
Florence 
Fletcher • • 
Finnegan • • • 
Everette 
Elsworth 
Ebenezer 
Domenico • 
Demarion 
Demarcus 
Delphine • • 
Deforest 
Crockett • • 
Crawford 
Cordelia • 
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Perennial Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Cordelia 
Chrystal • • 
Cheyenne • 
Chauncey 
Chandler • • 
Marisela • 
Margaret • 
Marcello 
Magnolia • 
Maddison • 
Lorraine • • 
Leighton 
Lawrence 
Ladarius 
Kingston 
Kendrick 
Katarina 
Kasandra • • 
Juliette 
Julianne 
Jeramiah 
Jennings 
Jefferey • • 
Jacqulyn • • • 
Isabella 
lngeborg 
Immanuel • 
Hilliard 
Hezekiah 
Herschel 
Henretta • • 
Rayleigh 
Hartwell 
Harrison 
Hansford 
Hamilton • • • 
Guilford 
Griffith 
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Perennial Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Glenwood • • 
Glendora 
Coolidge 
Concetta 
Columbus • • • 
Algernon 
Adolphus 
Adelaide 
Adamaris 
Abbigail • 
Columbia • • • 
Chalmers 
Chadwick 
Catalina 
Carlisle 
Carleton • • • 
Cardnial • • • 
Caldonia • • • 
Bradford • • 
Bertrand 
Augustus 
Armstead 
Araminta 
Anderson 
Percentage of School 
Divisions 26.50 27.3 26.7 
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ROI and MQA Sustained Efficiency of 5th Grade Achievement, 8th Grade Achievement, 
and 11th Grade English-Reading and Percentages in Virginia School Divisions in School 
Years 2003-2004 to 2008-2009 
Table 1 
ROI Sustained Efficiency of 5th Grade Achievement, 8th Grade Achievement, and 1 th 
Grade English-Reading and percentages in Virginia School Divisions in School Years 
2003-2004 to 2008-2009 
Virginia School 
Division Pseudonym 
Thornton 
Thompson 
Sylvania 
Susannah 
Sterling 
Starling 
Stanford 
Sherwood 
Shepherd 
Shedrick 
Wilfredo 
Waldemar 
Victoria 
Valencia 
Trinidad 
Scarlett 
Savannah 
Santiago 
Salvador 
Rosamond 
Rosalind 
Roderick 
Rochelle 
Roche 
Reynolds 
Rayfield 
Randolph 
Division Level 
5th Grade 
Achievement 
• 
• 
• 
• 
• 
Sustained Educational Efficiency 
Division Level Division Level 11th 
8th Grade Grade English-
Achievement Reading 
• 
• 
• 
• • 
• • 
• • 
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Sustained Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Prudence 
Pasquale 
Octavius 
Norberto 
Nathalia 
Napoleon 
Mortimer 
Montrell 
Mitchell • 
Melville 
Mckinley 
Mckenzie 
Mcarthur 
Maybelle • 
Maverick 
Mauricio 
Matthias • 
Yessenia 
Winthrop 
Williard 
Williams 
Tremaine 
Thurston 
Thorwald 
Gerhardt 
Genoveva 
Garrison 
Garfield 
Fredrick • 
Florence 
Fletcher 
Finnegan 
Everette 
Elsworth 
Ebenezer 
Domenico 
Demarion • • • 
Demarcus 
Virginia School 
Division Pseudonym 
Delphine 
Deforest 
Crockett 
Crawford 
Cordelia 
Cordelia 
Chrystal 
Cheyenne 
Chauncey 
Chandler 
Marisela 
Margaret 
Marcello 
Magnolia 
Maddison 
Lorraine 
Leighton 
Lawrence 
Ladarius 
Kingston 
Kendrick 
Katarina 
Kasandra 
Juliette 
Julianne 
Jeramiah 
Jennings 
Jefferey 
Jacqulyn 
Isabella 
Ingeborg 
Immanuel 
Hilliard 
Hezekiah 
Herschel 
Henretta 
Hay leigh 
Hartwell 
Division Level 
5th Grade 
Achievement 
• 
• 
• 
• 
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Sustained Educational Efficiency 
Division Level Division Level 11th 
8th Grade Grade English-
Achievement Reading 
• • 
• 
• 
• 
• • 
• 
• • 
192 
Sustained Educational Efficiency 
Virginia School Division Level Division Level Division Level 11th 
Division Pseudonym 5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
Harrison 
Hansford 
Hamilton 
Guilford 
Griffith 
Glenwood 
Glendora 
Coolidge • • 
Concetta 
Columbus 
Algernon 
Adolphus 
Adelaide 
Adamaris 
Abbigail 
Columbia 
Chalmers 
Chadwick • • 
Catalina 
Carlisle • 
Carleton • 
Cardnial 
Caldonia 
Bradford 
Bertrand 
Augustus 
Armstead 
Araminta 
Anderson • • • 
Percentage of School 12.9 10.6 9.9 Divisions 
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Table 2 
MQA Sustained Efficiency of 5th Grade Achievement, 81h Grade Achievement, and 1 fh 
Grade English-Reading and percentages in Virginia School Divisions in School Years 
2003-2004 to 2008-2009 
Virginia School 
Division 
Pseudonym 
Thornton 
Thompson 
Sylvania 
Susannah 
Sterling 
Starling 
Stanford 
Sherwood 
Shepherd 
Shedrick 
Wilfredo 
Waldemar 
Victoria 
Valencia 
Trinidad 
Scarlett 
Savannah 
Santiago 
Salvador 
Rosamond 
Rosalind 
Roderick 
Rochelle 
Roche 
Reynolds 
Rayfield 
Randolph 
Prudence 
Pasquale 
Octavius 
Norberto 
Nathalia 
Napoleon 
Mortimer 
Montrell 
Mitchell 
Sustained Educational Efficiency 
Division Level Division Level Division Level 11th 
5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
• 
• • 
• 
• 
• • 
• • • 
• 
• • • 
• • • 
• 
• 
• • • 
• 
• • • 
• • 
• • • 
• • 
• 
• 
• 
• 
• • • 
• 
• 
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Virginia School Sustained Educational Efficiency Division Level Division Level Division Level 11th Division 5th Grade 8th Grade Grade English-Pseudonym Achievement Achievement Reading 
Melville • 
Mckinley • 
Mckenzie 
Mcarthur 
Maybelle • • • 
Maverick 
Mauricio • 
Matthias • 
Yessenia • 
Winthrop • 
Williard • 
Williams • 
Tremaine 
Thurston • • • 
Thorwald 
Gerhardt • 
Genoveva 
Garrison • • 
Garfield 
Fredrick • • • 
Florence • 
Fletcher • • • 
Finnegan • • • 
Everette 
Elsworth • 
Ebenezer • 
Domenico • 
Demarion • 
Demarcus • 
Delphine • • • 
Deforest 
Crockett 
Crawford 
Cordelia • 
Cordelia • 
Chrystal • • 
Cheyenne • 
Chauncey 
Chandler • • • 
Marisela • • 
Margaret • • • 
Marcello • 
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Virginia School Sustained Educational Efficiency Division Level Division Level Division Level 11th Division 5th Grade 8th Grade Grade English-Pseudonym Achievement Achievement Reading 
Magnolia • 
Maddison • • 
Lorraine • 
Leighton 
Lawrence • 
Ladarius • 
Kingston 
Kendrick 
Katarina • 
Kasandra • • • 
Juliette 
Julianne 
Jeramiah • 
Jennings 
Jefferey • • • 
Jacqulyn • • • 
Isabella 
Ingeborg 
Immanuel • • • 
Hilliard • 
Hezekiah 
Herschel 
Henretta • • • 
Hay leigh 
Hartwell 
Harrison 
Hansford 
Hamilton • • • 
Guilford • 
Griffith • 
Glenwood • • • 
Glendora 
Coolidge 
Concetta 
Columbus • • • 
Algernon • 
Adolphus • 
Adelaide 
Adamaris • 
Abbigail • • • 
Columbia • • • 
Chalmers 
Virginia School 
Division 
Pseudonym 
Chadwick 
Catalina 
Carlisle 
Carleton 
Cardnial 
Caldonia 
Bradford 
Bertrand 
Augustus 
Armstead 
Araminta 
Anderson 
Percentage of 
School Divisions 
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Sustained Educational Efficiency 
Division Level Division Level Division Level 11th 
5th Grade 8th Grade Grade English-
Achievement Achievement Reading 
• 
• • • 
• • 
• • • 
• 
• 
63.36 27.48 20.61 
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